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METHODS FOR SCREENING FOR TRANSDOMtNANT 
EFFECTOR PEPTIDES AND RNA MOLECULES 

FIELD OF THE INVENTION 
The technical field of this invention is methods for screening for transdominant effector 
5 peptides and RNA molecules selected inside living celis from randomized pools. 

BACKGROUND OF THE INVENTION 



Signaling pathways in cells often begin with an effector stimulus that leads to a 
phenotypically descrit)ab!e change in cellular physiology. Despite the key role 
intracellular signaling pathways play in disease pathogenesis, in most cases, little Is 
10 understood about a signaling pathway other than the initial stimulus and the ultimate 
cellular response. 

Historfcaliy, s^nal transduction has been analyzed by biochemistry or genetics. The 
bibchemicai approach dissects a pathway in a "stepping-stone" fashion: find a 
molecule that acts at, or is involved in, one end of the pathway, isolate assayable 

1 5 quantities and then try to detem^e the next molecule In the pathway, either upstream 
or downstream of the isolated one. The genetic approach is classically a "shot in the 
dark!*: induce or derive mutants in a signaling pathway and map the tocus by genetic 
crosses or complement the mutation with a cDNA library. Unctions of biochemical 
a^^roaches include a reliance on a signtlScant amount of pre-existing knowledge about 

2 0 the constituents under study and the need to carry such studies out in vitro, 

post-mortem. UmHatk^ns of purely genetic approaches include the need to first derive 
and then characterize the pathway before proceeding with Identifying and cloning the 
gene. 



Screening molecular libraries of chen^ca) compounds for drugs that regulate signal 
systems has led to important discoveries of great clinical significance. Cyclosporin A 
(CsA) and FK506, for examples, were selected In standard pharmaceutical screens for 
Inhibition of T-cell activation. It is noteworthy that while these two drugs bind 
completely different cellular proteins - cyciophilln and FK505 binding protein (FKBP), 
respectively, the effect of either drug is virtually the same - profound and specific 
suppression of T-celJ activation, phenotypically observable in T cells as inhibition of 
mRNA production dependent on transcription factors such as NF«AT and NFhcB. 
Ltt)raries of small peptides have also been successfully screened In vitro in^says for 
bloactivity. The literature is replete with exanH)les of small peptides capable of 
modulating a wide variety of signaling pathways. For example, a peptide derived from 
the HIV-1 envelope protein has been shown to block the action of cellular calmodulin. 

A major limitation of conventional in vitro screens is delivery. While only minute 
amounts of an agent may be necessary to modulate a particular cellular response, 
delivering such an amount to the requisite subcellular location necessitates exposing 
the target celt or system to relatively massive concentrations of the agent The effect 
of such concentrations may well mask or preclude the targeted response. 

Thus, it is an object of the present Invention to provide methods and compositk>ns for 
the effective introduction of random flbraries into cells to screen for bioactive 
compounds. 

Mann at al (1983) Cell 33. 153-159, Pear et al. (1993) Proa Nat), Acad. Sd. USA 
90(18):8392*6 and WO 94/19478 describe the BOSC and BINQ retroviral systems 
useful as delivery vectors for the disctosed methods. 

Scott and Craig (1994) Current Opinion in Biotechnology 5:40-48 review random 
peptkie libraries. Hupp et al. (1995) describe small peptides which activate the latent 
sequence-spedlic DNA binding function of p53. PalzkUl et a). (1994) report the 
selection of functional signal deavage sites from a library of random sequences 
introduced into TEM-1 -lactamase. 
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SUMMARY OF THE INVENTION 

The invention provides methods and compositions for screening for transdominant 
bloactive agents such as pharmaceuticals. The invention accesses molecules or 
targets within living cells and provides for the direct selection of those bloactive agents 
5 with desired phenotypic effects. 

In one aspect of the invention, methods for screening for a transdonoinant bloacthw 
agent capable of altering the phenotype of a cell are provided. The methods comprise 
the steps of a) introducing a molecular library of riandomized candidate nucleic acids 
into a plurality of cells, wherein each of said nucleic acids comprises a different 
10 nucleotide sequence; b) screening the plurality of cells for a cell exhibiting an altered 
phenotype, wherein the altered phenotype is due to the presence of a transdominant 
bloactive agent The methods may also Include ttie steps of c) isolating the cell(s) 
exhibiting an altered phenotype, d) isolating a candidate nucleic add from the cell(s). 

The invention further provides ntethods for Isolating a target mofecufe using either a 
1 5 candidate nucleic acid or the expression product of a candidate, nucleic acid. 

In an additional aspect, the candidate nucleic acids of the invention are linked to fusion 
partners. 

In a further aspect, the invention provides methods for screening for a transdominant 
bloactive agent capabfe of altering the phenotype of a cell. The nrwthods comprises 
20 the steps of a) introducing a molecular library of randomized candidate nucleic acids 
into a first plurality of oeUs, wherein each of the nudelc adds comprises a different 
nudeotlde sequence; b) contacting the first plurality of cells with a second plurality of 
cells; and c) screening the second plurali^ of cells for a cell exhibiting an altered 
phenotype. 

25 In an additional aspect, the present invention provides molecular libraries of 

retrovinises comprising different randomized nucleic acids, and cellular libraries 
containing the retroviral libraries. 
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Figure 1. Creation of a iibrary of random peptides in a retroviais ONA construct by 
PGR. 

Rgure 2. Creation of a tibrary of random peptides in a retrovirus DNA construct tyy 
prinned DNA synthesis. 

5 Figured. Presentatfon constructs for localizing presentation structures to specific 
cellutar locales. 

Figure 4. Schematicof a retroviral construct 

DETAIUED DESCRIPTION OP THE INVENTION 

TTie present invention provides methods and compositions to create, effectivefy 
10 introduce into cells and screen compounds that affect a signaling pathway. Little or no 
knowledge of the pathway is required, other than a presumed signaling event and an 
obsen^abie physiologic change in the target cell. The disclosed methods are * 
conceptually distinct from prior ttt>rary search methods In that it is an vivo stratagem 
for accessing intraceliutar signaling mechanisms. The invention also provides for the 
15 Isolation of the constituents of the pathway, the tools to characterize the pathway, and 
lead confounds for phamiaceutical developmenL 

The present invention provides methods for the screening of candidate bioactive 
agents which are capable of altering the phenotype of cells containing the agents. The 
methods of the present invention provide a significant inr)prDvement over conventional 

20 screening techniques, as they aliowthe rapid screenhig of large numbers of random 
oligonucleotides and their corresponding expression products in a single, in vivo step. 
Thus, delivering the random oligonucle^es to cells and screerting the same cells, 
without the need to collect or synthesize in vitro the candidate agents, highly efficient 
screening Is accomplished. In addition, the present methods anew screening in the 

25 absence of significant prior characterization of the ceUular defect per se. 

Thus, the present invention provides methods for screening candidate bioactive agents 
for a transdominant bioactive agent capable of altering the phenotype of a cell. 
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By "candidate bioactive agents' or "candidate dnags" or 'candidate expression 
products* or grammatical equivalents herein is meant the expression product of a 
candidate nucleic add which may be tested for the ability to transdominantly alter the 
phenofype of a cell. As is described beiow» the candidate bioactive agents are the 
5 expression products of candidate nucleic adds, and encompass several chemical 

classes, including peptides and nudeic adds such as DNA, messenger RNA (mRNA), 
antisense RNA, ribozyme components, etc. Thus, the candidate bioactive agents 
(expression products) may be either translation products of the candidate nudeic 
adds. le. peptides, or transcription products of the candidate nudeic adds, i.e. either 
10 DNAorRNA. 

m a preferred embodiment, the candidate t^oadh^e agents are translation products of 
the candidate nudeic adds. In this embodiment, the candidate nudeic adds are 
introduced into the ceUs, and the cells express the nudeic adds to fbrm peptides. 
Thus, in this embodiment, the candidate bioactive agents are peptides. Generally, 
15 peptides rangirtg from about 4 ammo acids in length to about 100 amino adds may be 
used, with peptides ranging from about 5 to about 50 being preferred, with from about 
5 to about 30 being particularly preferred and firom about 6 to about 20 being especlalty 
preferred. 

In a prefen^ embodiment, the candidate bioadh/e agents are transcription products 
20 of the candidate nudeic adds, and are thus also nudeic adds. The transcription 

products may be either primary transcripts or secondary translation products. That Is. 
using the retroviral reverse transcriptase, prinnary DNA is made which are later 
oonveirted into double stranded ONA. Additionally, using ttie primary DMA, RNA 
transcripts can be generated within the ^I, induding mRNA, antisense RNA and 
25 ribozymes or portions thereof. 

At a minimum, Uie candidate bioactive agents comprise randomized expression 
products of the candidate nud^ adds. That is, every candMate bioactive agent has a 
randomized portion, as defined below, tiiat is ttie basis of the screening methods 
outiined herein. In addition, to the randomized portion, ttie candidate bioactive agent 
30 may also Indude a fusion partner. 






wo 97/27213 



pcnyus97/oi048 



-6- 



10 



1 

15 



20 



25 



In a preferred embodiment, the candidate bioactiva agents are linked to a fusion 
partner. By *fUslon partner* or "functional group" herein is meant a sequence that is 
associated with the candidate bioactive agent, that confers upon all members of the 
library in that class a common function or ability. Fusion partners can be heterologous 
(le. not native to the host celi), or synthetic (not native to any ceil). Suitable fusion 
partners include, but are not limited to: a) presentation structures, as defined below, 
which provide the candidate bioactive agents In a confbrmationally restricted or stable 
fomi; b) targeting sequences, defined below, which allow the localization of the 
candidate bloac^e agent into a subcellular or extracellular compartrhent; c) rescue 
sequences as defined below, which allow the purification or isolation of either the 
candidate bioactive agents or the nucleic adds encoding them; d) stability sequences, 
which confer stability or protection from degradation to the candidate bioactive agent or 
the nudelc add encoding It, for example resistance to proteolytic degradation; e) 
dimerization sequences, to allow for peptide dimerization; or f) any combinatlpn of a), 
b), c), d), and e), as well as linker sequences as needed. 

In a prefiBrred embodiment, the fusion partner Is a presentatton structure. By . 
"presentation structure" or grammatical equivalents herein Is meant a sequence, 
which, when fused to candidate bioactive agents, causes the candkiate agents to 
assume a conformatk)naIly restricted tbrm. Proteins interact with each other largely 
through conft>nnatk>nally constrained domains. Although small peptides with freely 
rotating amino and carboxyl termini can have potent functtons as is known In the art, 
the conversion of such peptide structures into phannacok)gic agents is difficult due to 
the inability to predid8ide^chainpo8itk>ns for peptktorninmticsyhthesis^ Therefore the 



pres^tation of peptides in conformaiionally constra^ed stnidures will benefit both the 
later generatkm of phamraceuticals and will also likely lead to higher affinity 
inter^tions of the peptkie with the target protein. This fact has been recognized in the 
comblnatorial Ubrary generation systems using biologically generated short peptides in 
bacterial phage systems. A number of workers have constructed smalt domain 
molecules in which one might present randomized peptide structures. 

While the candidate bk)active agents may be either nucleic ackl or peptides, 
pre5entatk}n structures are preferably used with peptkie candkiate agents. Thus, 
synthetic presentation structures, i.e. artifidal polypeptides, are capable of presenting 
a randomized peptid as a conformationally-restricted donrain. G nerallysuch 
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presentation structures comprise a first portion joined to the N-terminal end of the 
randomized peptide, and a second portion joined to the C-terminal end of the peptide; 
that is, the peptide is inserted into the presentation structure, although variations may 
t>e made, as outlined below. To Increase the functional isolation of the randomized 
5 expression product, the presentation structures are selected or designed to have 
minimal biologically activity when expressed in tiie target cell. 

Preferred presentation structures maximize accessibility to the peptide by presenting It 
on an exterior loop. Accordingly, suitable presentation structures include, but are not 
Hmited to, minibody structures, loops on beta-sheet turns and ooiled-ooil stem 
10 structures in which residues not critical to structure are random^ed, zinc-finger 

domains, cysteine-linlced (disulfide) stnictures, transglutaminase linked structures, 
cyclic peptides. B-loop structures, helical barrels or bundles, leucine zipper motifs, etc. 

In a preferred embodiment, the presentation structure is a coiled*coil stntcture, 
allowing tiie presentation of tite randomized peptide on an exterior loop. See, for 
15 example. f\Xyszica et a!., Blochem. 33:2362-2373 (1994), hereby incorporated by 
reference, and Figure 3). Using tius system investigators have isolated peptides 
capable of high affinity interaction with ttie appropriate target In general, coUed-coil 
structures allow for between 6 to 20 randomized positions. 

A preferred coiled-coil presentation stnjcture is as follows: 

20 MGCAALgSR/SALgSgVASj^SgVAALGRGDMPU^VKS]^SAVKSKLASVK^ 

CGPP. The underiined regions represent a coiled-coil leucine zipper region defined 
previously (see Martin et al, EMBO J. 13(22):5303-5309 (1994), incorporated by 
reference). The bolded GR6DMP region represents the loop structure and when 
appropriately replaced with randomized peptides (i.e.candldate bloactive agents, 

25 generally depicted herein as (X)n, where X Is an amino acid resUue and n is an integer 
of at least 5 or 6) can be of variable lengtti. The replacement of the bolded region Is 
facilitated by encoding restriction endonudease sites in tiie underiined regions, which 
allows tiie direct incorporation of randomized oligonucleotides at ttiese positions. For 
example, a preferred embodiment generates a Xhoi site at tiie double underiined LE 

30 site anda Hindlll site at the double-underilned KL site. 
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In a preferred embodiment, the presentation stmcture is a minibody stnicture. A 
'mlnibody* is essentially composed of a minlmat antibody complementarity region. The 
minibody presentation stnicture generally provides two randomizing regions that In the 
folded protein are presented along a single face of the tertiary stnictuje. 3ee for 
5 example BianchI et al., J, Mol. Biol. 236{2):649-59 (1 994). and references cited therein, 
all of which are incorporated by reference). Investigators have shown this minimal 
domain is stable in solution and have used phage selection systems in combinatorial 
libraries to select minibodies with peptide regions exhibiting high affinity. Kd = 10 '^ for 
the pro-Inflammatory cytoldne IL-6. 

ID A preferred minibody presentation structure is as follows: 

MGRNSQAT SGFTPSHFY MEVWRGGEYlAASRHKHNKm 

QSILYLQKKKGPP. The bold, underline regions are the regions which may be 
randomized. The italized phenylalanine must be invariant in the first randomizing 
region. The entire peptide is cloned in a three-oUgonucleotide variation of the coiled- 
15 coil embodiment thus allowing two diffiersnt randomizing regions to be Incorporated 
simultaneously. This embodiment utilizes non-palindromic BstXl sites on the termini. 

In a preferred embodiment the presentation structure is a sequence that contains 
generally two cysteine residues, such that a disulfide bond may be formed, resulting in 
a conformalionally constrained sequence. This embodiment is particularly preferred 

20 when secretory targeting sequences aire used. As will be appreciated by those in the 
art any number of random sequences, with or withoutvspacer or linking sequences, 
may be flanked with cysteine residues. In other embodiments, effective presentation 
structuresmay be generated by the random regions themselves. For example, the 
random regions may be 'doped' with cysteine reskiues which, under the appropriate 

25 redox oondittons. may result in highly crossfinked structured conformations, similar to a 
* presentation structure. Similarly, the randomization regions may be controlled to 
contain a certain number of resklues to confer fV-sheet or o-helical structures. 

In a preferred embodiment the fusion partner is a targeting sequence. As will be 
appreciated by those in the art the iocafizalion of proteins within a cell is a simpfe 
3 0 method for increasing effective concentration and detemiining function. For example, 
RAF1 when localized to the mitochondrial membrane can inhibit the anti-apoptotic 
effect of BCL-2. Similarly, membran bound Sos induces Ras mediated signaling in T- 
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(ymphocytes. These mechanisms are thought to rely on the principle of limiting the 
search space fbr llgands, that is to say, the localization of a protein to the plasma 
membrane limits the search for its iigand to that limited dimensional space near the 
membrane as opposed to the three dimensional space of the cytoplasm. Alternatively, 



localization. Shuttling the proteins into the nucleus confines them to a smaller space 
thereby increasing concentration. Finally, the Iigand or target may simply be localized 
to a specific compartment, and inhibitors must be localized apprpf^ately. 

Thus, suitable targeting sequences include, but are not limited to. binding sequences 



class of molecules while retaining bioacth^ity of the expression product, (fbr example by 
using enzyme inhibitor or substrate sequences to target a dass of relevant enzymes); 
sequences signalling selective degradation, of itself or co-bound proteins; and signal 
sequences capable of consUtutively localizing the candidate expression products to a 
15 predetermined cellular locale, including a) subcellular locations such as the Golgi. 
endoplasmic reticutum, nucleus, nudeoD, nuclear membrane, mSochondrfa. 
chloroplast, secretory vesicles, lysosome, and cellular membrane; and b) extracellular 
locations via a secretory ^naL Particularly preferred is localization to either 
subcellular locations or to the outside of the ceH via secretion. 

20 In a preferred embodiment, the targeting sequence Is a nuclear localizatkm signal 
(NLS). NLSs are generally short, positively charged (basic) domains that serve to 
direct the entire protein in which they occur t^ the cell's nucleus. Numerous NLS * 
amino acid sequences have been reported including single basic NLS*s such as that of 
the SV40 (monkey virus) large T Antigen (Pro l,ys Lys Lys Arg Lys Val), Kalderon 

25 (1984), et al.. Cell. 39:499-509; the human retinolc acid receptor^ nudear (ocalteatlon 
signal (ARRRRP); NFkB p50 (EEVQRKRQKU Ghosh et al., CeU 62:101 9 (1990); 
NFkB p65 (EEKRKR7YE; Nolan et al.. Cell 64:961 (1991); and others^ fbr 
iBxampIe Boulikas. J. Cell. Biochem. 55(1):32-58 (1994). hereby incorporated by 
reference) and double basic NLS's exemplified by that of the Xenopus (African dawed 

1 0 toad) protein, nucleoplasmln (Ala Val Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gin Ala 
Lys Lys Lys Lys Leu Asp). Dingwall, et al., CeU. 30:449-458. 1 982 and Dingwall, et al.. 
J. CeO Biol., 107:641-849; 1988). Numerous localization studies have demonstrated 
that NLSs incorporated in synthetic peptides or grafted onto reporter proteins not 
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the concentration of a protein can also be simply increased by nature of the 
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capable of causing binding of the expression product to a predetermined molecule or 
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normally targeted to the cell nucleus cause these peptides and reporter proteins to be 
concentrated in the nucleus. See, for example, Dingwall, and Laskey, Ann, Rev. Cell 
Biol, 2:367-390. 1986; Bonnerot, et al, Proc. Natl. Acad. Sci. USA, 84:6795-6799. 
1987; Gafiieo, etaL, Proa Natt. Acad Sci. USA, 87:458-462, 1990; 

5 In a preferred emt)odlment the targeting sequence is a membrane anchoring signal 
sequence. This is particularly useful since many parasites and pathogens bind to the 
membrane, in addition to the tact that many intracellular events originate at the plasma 
membrane. Thus, membrane-bound peptide libraries are useful for both the . 
identification of important elements in these processes as well as for the discovery of 

ID eflMIve inhibitors. The invention provides methods fbr presenting the randomized 
expression product extracellulaity or in the ^toplasmlc space; see Fig 3. For 
extracellutar presentation, a mmbrane anchoring region Is provided at the carboxyl 
terminus of the peptide presentation structure. The randomized epression product 
region is expressed on the cell surface and presented to the extracellular space, such 

15 that it can bind to other surface rnolecules (affecting their function) or rTx>lecules 
present in the extracellular medium. The binding of such molecules could confer 
function on the cells expressing a peptide that binds the nnolecule. The cytopiasnolc 
region could be neutral or could contain a domain that, when the extracellular 
randomized expression product region is bound, confers a function on the celts 

2 0 (activation of a kinase, phosphatase, binding of other cellular components to effect 

fimctton). SimiliEiriy, the randomized expression productncontaining region could be 
contained within a cytoplasmic region, and the transmembrane region and extracellular 
region remain constant or have a defined function. 

Membrane^nchoring sequences are well known In the art and are based on the 
25 genetic geometry of mammalian transmenibrane molecules. PeptUes are inserted into 
the membrane based on a s^nal sequence (designated herein as ssTM) and require a 
hydrophobic transnoembrane domain (herein TM). The transmembrane proteins are 
inserted into the membrane such that the regions encoded 5* of the transmembrane 
domain are^ extracellular and the sequences 3* become intracellular. Of course, if 

3 0 these transmembrane domains are placed 5* of the variable region, they will serve to 

anchor it as an intracellular domain, which may l>e desirable in some embodiments. 
ssTMs and TMs are known for a wide variety of nriembrane bound proteins, and these 
sequences may be used accordingly, either as pairs from a particular protein or with 
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each component being taken a different protein, or altematively, the sequences 
may be synthetic, and derived entirely from consensus as artificiai delivery domains. 

As will be appreciated by those in the art, nrmmbrane-anchoring sequences, including 
both ssTM and TM, are luiown for a wide variety of proteins and any of these may be 
5 used. Partteularfy pref^fred menr)brane<anchoring sequences include, but are not 
limited to, those derived from CDS, lCAM-2, tL^R, CD4 and LFA-t 

Useful sequences include sequences from: 1) class I Integral membrane proteins such 
as IL-2 receptor beta«chain (residues 1-26 are the signal sequence, 241*265 are the 
transmembrane residues; see Hatakeyama et al., Science 244:551 (1989) and von 
Heijne et al, Eur. J. Bk)chem. 174:671 (1988)) and insulin receptor beta chain 
(reskiues 1-27 are the signal, 957-959 are the transmembrane domain and 960-1382 
are the cytoplasmic domain; see Hatakeyama, supra, and Ebina et aL, Cell 40:747 
(1985)); 2) class II integral membrane proteins such as neutral endbpeptklase 
(reskjues 29-51 are the transmennbrane domain, 2-28 are the cytoplasmic domain; see 
Malfiroy et al., Btochem. Blophys. Res. Commun. 144:59 (1987)); 3) type III prot^s 
such as human cytochrome P450 NF25 (Hatakeyama. supra); and 4) type IV proteins 
such as human P-glycoproteIn (Hatakeyama, supra). Particularty profaned are CD8 
and ICAM-2. For example, the signal sequences from CDS and ICAM-2 lie at the 
extreme 5' end of the transaipL These consist of the amino ackis 1-32 in the case of 
CDS (MASPLTRFLSLNLtXLGESlLGSGEAKPQAP; Nakauchi et al.. PNAS USA 
82:5126 (1985) and 1-21 in the case of ICAM-2 (MSSFGYRTLTVALFTUCCPG; 
Staunton etaL, Nature (l^ndon) 339:61 (1989)). These leader sequences deliver the 
construct to the membrane while the hydrophobic transmembrane domains, placed 3* 
of the random candklate regton, serve to anchor the construct in the membrane. 
These transmembrane domains are encompassed by amino ackJs 145-195 from CDS 
(PQRPEDCRPRGSVKGTGLDFACDIYIWAPI^ICVALU.SUITUCYHSR; Nakauchi, 
supra) and 224-256 from ICAM-2 (^^I^^VVSVlXSLFVTSVLLCFIFGQHLRQQR; 
Staunton, supra). 

Altematively, membrane anchoring sequences mdude the GPl anchor, which results in 
a covalent bond between the molecule and the lipM biiayer via a giycosyl- 
phosphatidyiinosltol bond for example in DAF 

(PNKGSGTTSGTTRLLSGHTCFTLTGLLGTLVnyiGLLT, with the bokied serine the 
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Site Of the anchor; see Horaans eta!.. Nature 333(6170):269-72 (1988), and Moran et 
al.. J. BioL Chem. 266:1250 (1991)). In order to do this, the GPI sequence from Thy-1 
can be cassetted 3' of the variable region in ptace of a transmembrane sequence. 

Similarly, myristylatlon sequences can serve as membrane anchoring sequences. It is 
krmm that the myristylation of c-src recruits it to the plasma membrane. This is a 
single and effective method of membrane localization, given that the first 14 amino 
acids of the protein are solely responsible for this function: MGSSKSKPKDPSQR (see 
Cross et al, Mol. CeU. Biol. 4(9):1834 (1984); Spencer et al., Science 262:1019-1024 
(1993), both of which are hereby incorporated by reference). This motif has already 
been shown to be effective in the localization of reporter genes and can be used to 
anchor the zeta chain of the TCR. This nxrtif Is placed 5* of the variable region In order 
to localize the constmct to the plasma membrane. Other modifications such as 
palmitoylation can used to anchor constructs in the plasma membrane; for example, 
palmitoylation sequences from the G protein-coupled receptor kinase GRK6 sequence 
(LLQRLFSRQOCCGNCSDSEEELPTRL, with the bold cysteines being palmito^ated; 
Stoffel et al,. J. Biol. Chem 269:27791 (1994)); from rhodopsin 
(KQFRNCNILTSLCCGKNPLGD; Bamstabfe et al., J. Mol. Neurosd. 5(3):207 (1994)); 
and the p21 H-ias 1 protein (LNPPDESGPGCMSCKCVLS; Capon etal.. Nature 
302:33 (1983)). 

In a preferred embodiment the targeting sequence is a lysozomal targeting sequence, 
including, for example, a lysosomal degradation sequence such as Lamp-2 (KFERQ; 
Dice. Ann. N.Y. Acad. Sci. 674:58 (1992); or lysosomal membrane sequences from 
Lamp-1 {f^' lotAntztzAt Am mi m mv? /gricrshagyqti. Uthayakumar et al., Cell. 
Mol. Biol. Res. 41:405 (1995)) of Lamp-2 

^/ uDiAMaAAi ARVi II Ml I A vPi fil KHHHAGYEQF. Koneckl et la., Biochem. Biophys. 
Res. Comm. 205:1-5 (1994), both of which show the transmentbrane domains in Italics 
and the cytoplasmic targeting signal underlined). 

Alternatively, the targeting sequence may be a mitrochondrial localization sequence. 
Including mitochondrial matrix sequences (e.g. yeast alcohol dehydrogenase III; 
MLRTSSLFTRRVQPSLFSRNILRLQST; Schatz, Eur. J. Biochem. 165:1-6 (1987)); 
mitochondrial inner nvembrane sequences (yeast cytochrome c oxidase subunil IV; 
MLSLRQSIRFFKPATRTLCSSRYLL; Schatz. supra); mitochondrial intemnembrane 
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sp909 sequences (yeast cytochrome c1; 

MFSMLSKRWAQRTLSKSFYSTATGAASKSGKLTQKLVTAGVAAAGITASTLLYADSLT 
AEAMTA; Schatz, supra) or mitochondrial outer membrane sequerices (yeast 70 kO 
outer membrane protein; 
5 MKSFITRNfCTAILATVAATGTAIGAYYYYNQLQQQQQRGKK; Schatz, supra). 

The target sequences may also be endoplasmic reQculum sequences, including the . 
sequences from calret^lin (KOEL; Pelham, Royal Society London Transactions B; V 
10 (1992)) or adenovirus E3/19K protein (LYLSRRSFIDEKKMP; Jackson et al.. EMBO 
J. 9:3153 (1990). 

Furthermore, targeting sequences also Include peroxisome sequences (for example, 
the peroxisome matrix sequence firom Luclferase; SKU Kelier et aL, PNAS USA 
4:3264 (t987)); famesylalion sequences (for example, P2t H-ras 1; 
LNPPDESGPGCMSCKCVLS, with the bold cysteine famesyiated; Capon, supra); 
geranyigeranylation sequences (for example, protein rab-5A; LTEPTOPTRNQCCSN, 
with the boki cysteines genanylgeranyiated; Famsworth, PNAS USA 91:11963 (1994)); 
or destruction sequences (cydin 81; RTALGDIGN; KfotzbucheretaL, EMBO J. 1:3053 
(1996)). 

In a preferred embodiment, the targeting sequence is a secrtiory signal sequence 
capable of effecting the secretion of the candidate translation product There are a 
large number of known secretory signal sequences which are placed 5' to the variable 
peptide region, and are cieaved from the pep^e region to effect secretion into the 
extracellular ^pace. Secretory signal sequences and their transferability to unrelated 
proteins are well known, e.g., Siihavy, et al (1985) Microt^ot. Rev. 49, 398-418. Thb 
is particularly useful to generate a peptide capable of binding to ttie surface of, or 
affoctbig the physiok}gy of, a target oeti that is other than the host cell, e.g., the ceU 
infected with the retrovirus. In a preferred approach, a fusion product Is configured to 
cental, in series, secretion signal peptkle-presentation structure-randomized 
expression product regton-presentation structure, see Figure 3. In this manner, target 
cells grown in the vicinity of cells caused to express the library of peptides, are battted 
In secreted peptide. Target cells exhibiting a physiological change in response to the 
presence of a peptide. e.g.. by the peptide binding to a surfoce receptor or by being 
internalized and blndir^g to intracellular targets, and ti\e secreting cells are tocalized by 
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any of a variety of selection schemes and the peptide causing the effect detennined. 
Exemplary effects include variously that of a designer cytoldne (i.e., a stem cell factor 
capable of causing hematopoietic stem celts to divide and maintain their totipotential), 
a factor causing cancer cells to undergo spontaneous apoptosis, a factor that binds to 
5 the cell surface of target cells and labels them specifical^, etc. 

Suitable secretory sequences are known, including signals from lL-2 
(l\/IYRMQUSCIALSUkLVrNS; Villingeretat.. J. Immunol. 155:3846 (1995)), growth 
homrane (MATGSRTSLILAFGLLCLPWLQEGSAEEI; Roskametal., NudeicAdds 
Res. 7:30 (1979)): preproinsuiin (MALWMRLLPLlALl^WGPOPAAAEm- Bell et al.. 
10 Nature 284:26 (I960)); and influenza HA protein (MKAKIXVLLYAFVAGCQk 
Seldwawa et al., PNAS 80:3563]), with cleavage between the non-underilned- 
underlined Junction. A particularly preferred secretory signal sequence is the signal 
leader sequence from the secreted cytokine IL-4, which comprises the first 24 amino 
adds of IL-4 as fbltows: MGLTSQILPPLFFLLACA6NFVHG. 

15 In a preferred embodiment, the fusion partner is a rescue sequence. A rescue 

sequence is a sequence which may be used to puri^ or Isolate either the candUate 
agent or the nucleic acid encoding it Thus, for example, peptide rescue sequences 
include purification sequences such as the His« tag for use with Ni aflinlty columns and 
epitope tags for detection, immunopredpitation or FACS (fluoroscence-activated cell 

2 0 sorting). Suitable epitope tags indude myc (for use with the commercially available 

9E10 antibody), the BSP biotlnylation target sequence of the bacterial enzyme BirA, flu 
tags, lacZ, and GST. 

Attemativelyf the rescue sequence may be a unique oligonucleotkie sequence which 
serves as a probe target site to aUow the quick and easy isolation of the retroviral 

■ V 

I 

2 5 construct, via PGR, related techniques, or hybridization. 

In a pref^d embodiment the fusion partner is a stability sequence to confer stability 
to the candklate bioactive agent or the nudeic add encoding it Thus, for example, 
peptides may be stabilized by the incorporation of gtydnes after the Initiation 
methionine (MG or MGGO), for protection of the peptkie to ubiquitination as per 

3 0 Varshavsky's N-End Rule, thus conferring kmg half-life in the cytoplasm. Similarly, ^vo 

prolines at the C-terminus impart peptides that are largely resistant to 
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carboxypeptidase action. The presence of two glycines prior to the prolines impart 
boih flexibility and prevent structure initiating events In the dl-proline to be propagated 
into the candidate peptide structure. Thus, preferred stability sequences are as 
follows: M6(X)„GGPP, where X is any amino add and n is an Integer of at least four. 

5 in one embodiment, the fusion partner is a dimerization sequence. A dtmerization 
sequence allows the non-covalent association of one random peptide to another 
random peptide, with sufficient affinity to remain associated under nontial physiological 
conditions. This effectively allows small libraries of random peptides (for example* 10^) 
to become large libraries if two peptides per cell are generated which then dimerize, to 
10 torn an effective library of 10* X 10^}. it also allows the fonnation of longer 

random peptides, if needed, or more stnjcturally complex random peptide molecules. 
The dimers may be homo- or heterodimers. 

Dimerization sequences may be a single sequence that self-aggregates, or two 
sequences, each of which is generated in a different retroviral construct That is, 
15 nucleic acids encoding both a first random peptide with dimerization sequence 1 , and a 
second random peptide witti dimerization sequence 2, such that upon Introduction into 
a cell and expression of the nucleic add, dimerization sequence 1 associates with 
dimerization sequence 2 to form a new randorn peptide structure. 

Suitable dimerization sequences wilt encompass a wide variety of sequences. Any 
20 number of protein-protein interaction sites are known. In addition, dimerization 

sequences may also be eluddatisd using standard methods such as the yeast two 
hybrid system, traditional biochemical affinity binding studies, or even using the 
present methods. 

The fusion partnere may be placed anywhere (Le. N-temninal, Otermlnal, internal) in 
25 the structure as the biology and activi^ permits. 

In a preferred embodiment, the fusion partner indudes a linker or tethering sequence. 
Linker sequences between various targeting sequences (for example, membrane 
targeting sequences) and the other components of the constructs (such as the 
randomized candidate agents) may be desirable to allow the candidate agents to 
3 0 interact with potential targets unhindered. For example, when the candk^ate btoactive 
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agent is a peptide, useful linkers include glydne-serine polymers (including, for 



10 



15 



20 



25 



example, (GS)n, (GS6GS)„ and (6GGS)„. where n is an Integer of at least one), 
glycine-alanine polymers, alanine-serine polymers, and other flexible linkers such as 
the tether for the shaker potassium channel, and a large variety of other flexible 
linkers, as will be appreciated by those in the art Glycine-serine polymers are 
preferred since both of these amino acids are relatively unstructured, and therefore 
may be able to sennas a neutral tether between components. Secondly, serine is 
hydrophilic and therefore able to solubilize what could be a gtobular glycine chaia 
Third, similar chains have been shown to be effective in joining subunlts of 
recombinant proteins such as single chain antibodies. 

In addition, the fusk)n partners, including presentatton structures, may be nxxlified, 
randomized, and/or matured to alter the presentatk>n orientation of the randomized 
expression product For example, determinants at the base of the loop may be 
modified to slightly modify the internal loop peptkSe tertiary structure, which maintaining 
the randomized amino acid sequence. 

In a preferred embodiment combinatkms of fusion partners are used. Thus, for 
example, any number of combinations of presentation structures, targeting sequences, 
rescue sequences, and stability sequences may be used, with or without linker 
sequences. As Is mote fiilly described below, using a base vector that contains a 
cloning site for receiving random and/or biased libraries, one can cassette in various 
fuston partners 5* and 3* of the ttbrary. Table 1 outlines some of the possible 
combinations (without specifying the presentation structures) as follows. Using V as 
the variable ctoning site for the random nucleto ackl libraries, and representing each 
fusion partner by another letter, (i.e. N for nuclear localization sequence) each 
constnjct can be named as a string of representative letters reading 5' to 3' read as 
nudeic add or N-terminai to C-tenninal read as protein, such as NV or if ck)ned 
downstream of the variable reg»n, VN. As implied here, the fusion partner sequences 
are doned as cassettes into sites on either skie of the variable region. C is for 
^plasmic (Le. no loi^iizatkm sequence), E is a rescue sequence such as the myc 
epitope, 6 is a linker sequence (610 is a glydne-serine chain of 10 amino adds, and 
G20 is a glycine-serine chain of 20 amino adds). M is a myrisfylation sequence, N is a 
nudear tocalization sequence, ssTM is the signal sequence for a transmembrane 
anchoring sequence, TM is the transmembrane anchoring sequence, 6P1 is a GPI 
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membrane anchor sequence; S is a secretory signal sequence, etc. As will be 
appreciated by those in the art any number of combinations can be made, in addition 
to those listed below. 



Table 1 



cytoplasmic 


CV 




CEV 




CVE 


secreted 


SV 




SEV 




SVE 


myristylated 


MV 




MEV 




MEQMV 


transmembrane (Intracellular) 


ssTMV 




ssTMVTM 




esTMVETM 




8STMVG20ETM 




tsTMVE 


transmembrane (GPI finked) 


ssTMVGETM 


nuclear iocafization 


NEV 




NVE 



As will be appredated by those In the art these mddules of sequences can be used In 
a large number of combinations and variations. In addition, as discussed herein, it is 
possible to have mora than one variable regkm in a construct, dther to together fomii a 
new surface or to bring two other molecules together. 



15 In a preferred enribodiment, a candidate bioactrve agent linlced to a presentation 
structure is added at the variable region cloning site, V, above. Alternatively, no 
presentation structure is used, giving a *free' or "non-constrained" peptide or 
expression product 



Preferred mbodlments include the fbllowlng: 
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a) Intracellular, membrane-anchored* linked (le. tethered) free peptide: 

MRPlJVC3GEHTMASPLTRn-SIJiL!JXQmilLGSG PQRPgDCRPRt3SW 

DlYiWAPLAGICVALLLSLftTLICYHSR- GSGGSGSGGSGSGGSQSSfiSGSfiQSgfir?, 

(X)„-GGPP» with the secretion signal from murine 008 in botd, the transmembrane re* 
5 gion of CDS in underline, and the linker, to provide flexibility (glycine) and solubility 
(serine) In italics. (X)n represents ^e random peptide, where n is an interger greater 
than about six. A prefenBd embodiment utilizing this structure utilizes biased peptides, 
as described bekw. for example u^ng biased SH-3 domain-binding peptide libraries in 
the non-constrained peptide structures, since a number of surface receptor signaling 
1 0 systems emptoy SH-3 domains as part of the signaling apparatus. 

b) intraoeUuiar, membrane-achored, Pnked colled cdl: 

MRPUjGGEHTMASPLTRPLSLMLiJ-LGESilLGS GPQRPEDGRPRGSVKGTGLDFAC 
DIYlWAPlJVGIt^ALLLSLMniCYHSR GSGG5SSGGSGSGGSGSGG5QSGG5^ 
AALESBVSALESEVAS!£S^AAUX)..LJU^VKSia^S^^^^ With 

15 the colied-ooil structure shown in undertlned italics. 

c) 8urfiBce-lfithered extracellular, non-constrained: 
MRPUG6EHTMASPLWl^U4LLLtGESUL6SG6G-(X)„- 

GQSSfiSGSQGSfigfifiSfiSGGgfiSGGSQGGPQRPgDCRPRGSVKGTGLDFACDIY 

IWAPL^glCVAlLLSlllTUICYHSRGGPP. 
20 d) suriiace-tethered, extraceifuiar constrained: 

MRPLAGGEHTMASPLTRFLSLNt^LLGESIILGSGGG CAALFSgVSALgSB^^ 

LJU^VKSf^SAVKSKLASVKSKLAAC GGSGGSGSGGSGSGGSGSGGSGSGGSGGG^ 
. QRPgDCRPRGSVKGTGLDFACDtYiWAPLAGrCVALLLSLinifCYHSRGGPP. 

25 e) secreted, non-constrained: 

MIVUGGEHTiyUSPLTfV'ULNiJJJ.GESllLGSGGG-(X)„-GG 
f) secreted, oonstrabied: 

MRPLAGGEHTMASPLTRFI-SLNLUXGESIlLGSGG G>U^.gSgV5>^LgSgV:4S4g ^ 

AaLHX);-MAWSjaS^yKSKIj^SW(SKLASCGPR 

3 0 The candkiate bioactive agents as described above are encoded by candkiate nudete 
adds. By "candkiate nucleic ackis* herein is meant a nucleic acki, generally RNA 
when retroviral delivery vehicles are used, which can be expressed to form candidate 
t»oactive agents; that is, the candidate nucleic adds encode the candkiate bioactive 
agents and the fusion partners, if present In addition, the candidate nudelc adds will 
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also generally contain enough extra sequence to effect translation or transcription, as 
necessary. For a peptide library, the candidate nucleic acid generally contains cioning 
sites which are placed to allow In frame expression of the randomized peptides, and 
any fusion partners, if present such as presentation structures. For example, when 
5 presentation stnictures are used, the presentation structure will generally contain the 
Inltating ATG, as a part of the parent vector. For a RNA library, the candidate nucleic 
adds are generally constructed with an internal CMV promoter, tRNA promoter or cell 
specific promoter designed for immediate and appropriate expression of the RNA 
structure at the initiation site of RNA synthesis. The RNA is expressed anti-sense to 
10 the direction of retroviral synthesis and is tenminated as Icnown. for example with an 
orientation specific terminator sequence. Interference from upstream transcription is 
alleviated in the target ceS with the selMnactivafion deletion, a conunon feature of 
certain retroviral expression systems. 

4 

Generally, the candidate nucleic acids are expressed within the cells to produce 
15 expression products of the candidate nucleic acids. As outlined above, the expression 
products Include translation products, le. peptides, or transcription products, i:e. 
nucleic acid. 

The candidate bioactive agents and candidate nucleic acids are randomized, either 
fiilly randomized or they are biased In their randomizatioh, e.g. in nudeotide/residue 

2 0 frequency generally or per position. By "randomized" or grammatical equivalents 
herein Is meant that each nucleic add and peptide consists of essentially random 
nucleotides and amino adds, respectively. As is more fully described below, the 
candidate nucleic adds which give rise to the candidate expression products are 
chemically synthesized, and thus may Incorporate any nucleotide at any position. 

25 Thus, when the candidate nudeic. adds are expressed to form peptides, any amino 
add residue may be incorporated at any position. The synthetic process can be 
designed to generate randomized nucleic adds, to allow the formation of all or most of 
the possible combinations over the length of the nucleic add, thus fonning a library of 
randomized candidate nudeic adds. 



30 



The library should provide a suffidently structurally diverse population of randmized 
expression products to effiact a probaUisticaliy sufficient range of cellular responses to 
provide on or more cells exhibiting a desired response. Accordingly, an int radi n 
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library must be laige enough so that at least one of its members will have a structure 
that gives it affinl^ for some molecule, protein, or other factor whose activity is 
necessary for completion of the signaiing pathway. Although it is difficult to gauge the 
required absolute size of an intenaction library, nature provides a hint with the immune 
5 response: a diversity of lOMO* different antibodies provides at least one combination 
with sufficient affinity to interad w^th most potential antigens faced by an organism. 
Published in vitro selection techniques have also shown that a library size of 10'^ to 10* 
is sufRcient to find stnjctures with affinity for the target A library of aii combinations of 
a peptide 7 to 20 amino acids in length, such as proposed here for expression in retro- 

1 0 viruses, has the potential to code for 20^ (10^) to 20^ . Thus, with libraries of 10^ to 10* 
per ml of retroviral particles the present methods allow a 'woridhg* subset of a 
theoreticaily complete Interaction libra7 for 7 amino acids, and a subset of shapes for 
the 20^ library. Thus, in a prefBrred embodiment, at least 10", preferably at least 10^ 
more preferably at least 10" and most preferably at least 10^ different expression 

15 products are simultaneously analyzed in the subject methods. Preferred methods 
maximize library size and divers!^. 

It Is irnportant to understand that in any library system encoded by oligonucleotide 
synthesis one cannot have compiete control over the codons that will eventually be 
incorporated into the peptide structure. This is especially true in the case of codons 

2 0 encoding stop signals (TAA, T6A, TAG). In a synthesis with NNN as the random 

region, mere is a 3764, or 4.69%, chance that the codon wnll be a stop codon. Thus, in 
a peptide of 10 residues, there is an unacceptable high IQcelihood that 46.7% of the 
peptides will prematurely tenninate. For free peptide stnjctures this is perhaps not a 
probtent But fbr larger stradures, such as those envkloned here, such termination 
25 will lead to sterile peptide expression. To alleviate this, random residues are encoded 
asNf^K,whereKsTorG. This allows for encoding of all potential amino adds 
(changing their relative representation slightly), but importantly preventing the encoding 
of two stop residues TAA and TGA. Thus, libraries encoding a 10 amino add peptide 
will have a 15.6% chance to tenninate prematurely. For candidate nucleic adds which 

3 0 are not designed to result in peptide expression products, this is not necessary. 

In one embodiment, the llbrery is fully randomized, with no sequence preferences or 
constants at any positton. In a preferred embodiment, the libraiy Is biased. That is. 
some positions within the sequence are either held constant or are selected from a 
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. IMted number of possibilities. For example, in a preferred embodiment the 
nucleotides or amino acid residues are randomized within a defined class, for example, 
of hydrophobic amino adds, hydrophilic residues, sterically biased (either small or 
large) residues, towards the creation of cysteines* for cross-linking, prolines for SH-3 
5 domains, serines, threonines, tyrosines or histidines for phosphorylation sites, eta, or 
to purines, etc. 

In a preferred embodiment, the bias is towards peptides or nucleic acids that Interact 
with known classes of molecules. For example, when the candidate bioactive agent is 
a peptkJe. It is known that much of intracellular signaling Is carried out via short regions 

10 of polypeptides interacting with other polypeptides through small peptide domains. For 
Instance, a short region from the HIV-1 envelope cytoplasmic domain has been 
previously shown to block the action of cellular calmodulin. Regions of the Fas 
cytoplasmic domain, which shows homology to the mastoparan toxin lirom Wiisps, can 
be limited to a short peptide region with death-inducing apoptotic or G protein inducing 

15 ainctions. Magainin, a natural peptide derived from Xenopus, can have potent anti- 
tumour and anti-microbial activity. Short peptide fragments of a protein kinase C 
isozyme (GPKC), have been shown to ttock nuclear transk)cation of UPKC in Xenopus 
oocytes fbltowing stimulation. And, short SH-3 target peptides have been used as 
psuedosubstrates for specific binding to SH-3 proteins. This is of course a short list of 

2 0 available peptkies with biological activity, as the t^erature is dense in this area. Thus. 

there is much precedent for the potential of small peptides to have activity on 
Intracellular signaling cascades, in addition, agonists and antagonists of any number 
of molecules may be used as the basis of biased randomizatbn of candkJate bioactive 
agents as well 

25 Thus, a number of molecules or protein domains are suitable as staiUng points for the 
generation of biased randomized candidate bfoadive agents. A large number of small 
molecule domains are known, that confer a common function, structure or affinity, in 
additkxi. as is appreciated in the art, areas of weak amino add homofogy may have 
strong stnicturai homology. A number of these molecules, domains, and/or 

3 0 corresponding consensus sequences, are known, Induding, but are not limited to, SH- 

2 domains, SH-3 domains, Pleckstrin. death domains, protease deavage/recognition 
^tes. enzyme inhibitors, enzyme substrates. Traf, etc. Similarly, there are a number of 
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known nuclek: acid binding proteins containing domains suitable for use in the 
invention. For example, leucine zipper consensus sequences are l^nown. 

Where the ultimate expression product is a nucleic add. at least ID. preferably at least 
12. more preferably at least 15, most prsferably at least 21 nucleotide positions need 
to be randomized, with more preferable if the randomization is less than perfect 
SImilarty. at least 5. preferably at least 6, more preferably at least 7 dmirw add 
positions need to be randomized; again, more are preferable if the randomization is 
less than perfect 

In a preferred ennbodiment. biased SH-3 domain-binding oUgonudeotides/peptides are 
nrrade. SH-3 domains have been shown to recognize short target motife(SH-3 
domain-binding peptides), about ten to twelve residues in a linear sequence, that can 
be encoded as short peptideis with high affinl^ for the target SK-3 domain. Consensus 
sequences for SH-3 domain binding proteins have been proposed^ Thus, in a 
preferred embodiment, digos/peptides are madel with the following biases 

1. XXXPPXPXX. wherein X is a randomized residue. 

2. (within the positions of residue positions 1 1 to -2): 

11 10 9 8 7 6 5 4 3 2 1 
Met GlyaallaalO aa9 aa8 aa? Arg Pro Leu Pro Pro hyd 

0 -1 -2 
Pro hyd hyd Gly Gly Pro Pro STOP 

atg ggc nnk nnk nnk nnk xmk aga cct ctg cct oca sbk 
ggg sbk sbk gga ggc cca cct TAAl, 

In this embodiment, the N-temiinus flanking region Is suggested to have the greatest 
effects on binding affinity and Is therefore entirely randomized. 'Hyd' Indicates a bias 
toward a hydrophobic residue. Le.- Val. Ala, Gly. Leu. Pro, Arg. To encode a 
hydrophobically biased residue, "sbk" codon biased stmcture is used. Examination of 
the codons within the genetic code wHI ensure this encodes generally hydrophobic 
residues. s= g,c; b=t. g. c; v=a, g.c; m« a. c; Ic* t, g; n» a, t, g, c. 
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The candidate nucleic adds are introduced into the cells to screen for tn^sdominant 
bioactive agents capable of altering the phenotype of a ceil. By "Introduced Into ' or 
grammatical equivalents herein is meant that the nucleic acids enter the ceils in a 
manner suitable for subsequent expression of the nucleic acid. The method of 
5 introduction is largely dictated tyy the targeted ceil type, discussed below. Exemplaiy 
methods include CaP04 precipitation, liposome fusion, lipofectin®. electmporation. 
viral infection, etc. The candidate nucleic acids may stably integrete into the genome 
of the host ceU (Ibr example, with retrovirel Introduction, outlined below), or may exist 
either transiently or stately in the cytoplasm (i.e. through the use of traditional plasmids, 
10 utilizing standard regulatory sequences, selection markera, eta). As many 

pharmaceutically important screens require human or model mammalian cell targets, 
retroviral vectors capable of transfscting such targets are preferred. 

In a preferred embodiment, the candidate nucleic adds are part of a retroviral particle 
whidi infects the cells. Generally, infection of the cells is straightfbnivard with the 
15 application of the infection-enhandng reagent polybrene. which is a polycation that 

facaitatea viral binding to the target cell. Infection can be optimized si^ that each ceU 
generally expresses a single construct using the ratio of virus partides to number of 
ceils, infection foiiqws a Poisson distribution. 

In a preferred embodiment, the candidate nucleic adds are introduced into the cells 

2 0 using retroviral vect(^. Currently, the most effident gene transfer methodologies 

harness the capacity of engineered vimses, such as retroviruses, to bypass natural 
cellular barriere to exogenous nudeic add uptake. The use of recombinant retroviruses 
was pioneered by Richard Mulligan and David Baltimore with the Psi-2 lines and 
analogous retrovirus packaging systems, based on NIH 3T3 celts (see Mann et al., 
25 Cell 33:153-159 (1993), hereby incorporated by reference). Such helper-defective 
packagy^g lines are capable of produdng ail the necessary trans proteins -gag, pol, 
and env- that are required for packaging, processing, reverse transcription, and 
integration of recombinant genomes. Those Rl^ molecules that have in ds ttie ip 
packaging signal are packaged into maturing virbns. Retroviruses are preferred for a 

3 0 number of reasons. First, their derivation is easy. Second, unlike Adenovirus-medi- 

ated gene delivery, expressk>n from retroviruses is k>ng4erm (adenovinises do not 
integrate). Adeno-assodated viruses have limited space for genes and regulatory 
units and there Is some controversy as to their ability to integrate. Retroviruses 
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therefbre offer the best current compromise in terms of long-term expression, genomic 
flexibility, and stable integration, among other features. The main advantage of 
retfpvimses is that their integration into the host genome allows for their stable 
transmission through cell division. This ensures that In cell types which undergo 
5 multiple independent maturation steps, such as hematopoietic cell progression, the 
retrovirus construct will remain resident and continue to express. 

A particularly weH suited retroviral transfection system is described in Mann et al., 
supra* Pear et al., PNAS USA 00(18):6392-6 (1993); Kitamura et al., PNAS USA 
92:9146-9150 (1995); Kinsella et al., Human Gene Therapy 7:1405-1413; Hofimann et 
10 al., PNAS USA 93:5185-5190; Choate et al., Humian Gene Therapy 7:2247 (1996); and 
WO 94/1 9476; and references cited therein, all of which are incorporated by reference. 

In one embodiment of the invention, the library is generated in a retrovirus DNA 
construct backbone, as is generally described In the examples. Standard 
oligonucleotide synthesis is done to generate the random portion of the candidate 
15 bioactiye agent, using techniques well l(nown In the art (see Eckstein, Otlgonudeotides 
and Anak)gues, A Practical Approach, IRL Press at Oxford University Press, 1991); 
libraries may be commeroially purchased. Libraries with up to 10* unique sequences 
can be readily generated in such ONA backbones. After generation of the DNA library, 
the library is cloned into a first primer. The finst primer serves as a "cassette", which is 

2 0 inserted Into the retroviral construct The first primer generally contains a number of 

elements, including for example, the required regulatory sequences (e.g. translation, 
transcription, promoters, etc), fusion partners, restriction endonuclease (cloning and 
subdoning) sites, stop oodons (preferably in all three frames), regk)ns of 
complementarity for second strand priming (preferably at the end of the stop codon 
25 region as minor deletions or insertions may occur In the random region), etc. 

A second primer is then added, which generally consists of some or all of the 
complementarity region to prime the first primer and optional necessary sequences for 
a second unique restriction site for subclonlng. ONA polymerase is added to make 
double-stranded oligonucleotides. The doubie*stranded oiigonucleotMes are cleaved 

3 0 with the appropriate subdoning restriction endonucleases and subdoned Into the 

target retroviral vectors, described below. 
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Any number of suitable retrDviral vectors may be used. Generally, the retroviral 
vectors may include: selectable marker genes under the control of internal ribosome 
entry sites (IRES), wtiich allows for bicistronlc operons and thus greatly fecilitates the 
selection of cells expressing peptides at uniformly high levels; and promoters driving 
5 expression of a second gene, placed In sense or anti-sense relative to the 5* LTR. 
Suitable selection genes include, but are not limited to, neomycin, blastocidin, 
bleomycin, puromycin, and hygromycin resistance genes, as well as setf-fluorescent 
markers such as green fluoroscent protein, enzymatic markers such as lacZ, and 
surface proteins such as COS, eta 

10 Preferred vectors include a vector based on the murine stem cell virus (MSCV) (see 
Hawley et at.. Gene Therapy 1:136 (1994)) and a modified MFG virus (Rivere et aL, 
Genetics 92:6733 (1995)), and pBABE, outlined in the examples. A general schematic 
of the retroviral construct Is depicted in Figure 4. 

The retrovlnises may include inducible and constitutive promoters. For example, there 
15 are situatkms wherein it Is necessary to Muce peptide expression only during certain 
phases of the selection process. For Instance, a scheme to provide pro-inflammatory 
cytokines in certain instances must include Induced expressbn of the peptMes. this is 
because there is some expectation that over*expressed pro-inflammatory drugs might 
in the long-tenn be detrimental to cell growth. Accordingly, constltuthm expresston is 
2 0 undesirable, and the peptide Is only turned on during that phase of the selectx)n 

process when the phenotype is required, and then shut the pepfide down by turning off 
the retroviral expression to confinm the effect or ensure long-tenn survival of the 
producer cells. A large number of both inducible and constitutive promoters are 
known. 

25 In addition, it is possible to configure a retroviral vector to aitow Inducible expresston of 
retroviral inserts after integration of a single vector in target ceils; Importantly, the 
entire system is contained within the single retroviois. Tet-inducible retroviruses have 
been diesgned incorporating the Setf-tnactivating (SIN) feature of 3* LTR 
enhancer/promoter retroviral deleton mutant (l^offman et al., PNAS USA 93:5185 

30 (1996)). Expression of this vector in ceils is virtually undetectable in the presence of 
tetracycline or other active analogs. Ftowever, in the absence of Tet, expression is 
turned n to maximum within 48 hours after Induction, with uniform increased 
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expression of the Whole population of cells that harbor the indudble re^ 
indicating that expression is regulated unlfonniy within the infected cell population. A 
similar, related system uses a mutated Tet DNA-binding domain such that it bound 
DMA In the presence of Tet, and was removed in the absence of Tet Either of these 
5 systems is suitable. 

In this manner the primers create a library of fragments, each containing a different 
random nucleotide sequence that way encode a different peptid& The l^ation 
products are then transfbmied into bacteria, such as E co//, and DNA is prepared from 
the resulting library, as is generally outlined in tOtamura, PNAS USA 92:9146-9150 
10 (1995), hereby expressly incorporated by reference. 

Delivery of the library DNA Into a retroviral packaging system results in conversion.to 
infectious virus. Suitable retroviral packaging system cell lines include, but are not 
limited to, the Bing and BOSC23 cell lines described in WO 94/19470; Soneoka 
et al.. Nuciek: Add Res. 23(4):d28 (1995); Finer et aL, Bk)od 63:43 (1994); Pheonix 
15 padcaging lines such as PhlNX-«co and PhlNX-ampho, described below; 292T * gag- 
pol and retrovirus envelope; PA317; and cell lines outlined in Maikowitzetal, Virology 
167:400 (1988). Markowitz etaL. J. ViroL 62:1120 (1988). U etal, PNAS USA 
93:11658 (1996), Kinseila et al., Human Gene Therapy 7:1405 (1996), all of which are 
Incorporated by reference. 

20 Preferred systems indude PhiNX-eco and PhlNX-ampho or similar ceil lines, whkih are 
two ceils lines as fbUows. The cell lines are based on the BING and BOSC23 cell lines 
described in WO 94/19478, which are based on the 293T cell tine (a human embryonic 
kidney line transformed with adenovims Ela and carrying a temperature sensith/e T 
antigen co-selected with neomydn). The unique feature of this cell line Is that it is 

25 highly transfectable with either caldum phosphate mediated transfectton or lipkHsased 
transfection protocols - greater than 50% of 293T cells can be transiently transfected 
with plasmki DNA. Tlius, the cell line could be a cellular milieu in whteh retroviral 
structural proteins and genomic viral RNA oouU brought together rapidly for creation of 
helper«defective vims. 293T cells were therefore engineered with stably integrated 

3 0 defective constructs capable of produdng gag-pol, and envetope protein for either 
ecotropic or amphotropic viruses. These lines were called 60SC23 and Bing. 
respectively. The utility of these fines was that one could produce smaU amounts of 
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recombinant virus transiently for use In small-scale experimentation. The lines offered 
advantages over previous stable systems in that virus could be produced In days 
rather than months. 

Two problems became apparent with these first generation lines over the two years 
5 they have been in wide use. First, gag-pol and envetope expression was unstable and 
the lines required vigilant checking for retroviral production capacity; second the 
structure of the vectors used for protein production were not considered fully *safe* for 
helper virus production; and third, one of the lines was shown to be inadvertently carry- 
ing a hygrornycin-containing retrovirus. Although the 6IN6 and B0SC2d lines are 

10 useful In the present invention, all of these potentially problematic issues are 

addressed in the PhINX second-generation lines. These lines are based on 293T cells 
as well, with the following improvements. First, the ability to monitor gag-pd 
production on a cell^by cell basis was made by introducing an IRES-C08 surface 
marker expression cassette downstream of the reading frame of the gag-pol construct 

15 (other surface markers beskles COS are also useful). IRES (internal ribosome entry 
site) sequences allow secondary or tertiary protein translation from a single mRNA 
transcript Thus, CD8 expression is a direct reflection of intracellular gag-pol and the 
stebility of the producer cell population's ability to produce gag-poi can be readily 
monitored by ftow cytonf)etry. Second, for both the gag-pol and envefope constructe 

2 0 non-Moloney promoters were used to minimize recombination potential with introduced 

retroviral constructs, and different promotere for gag-pol and envelope were used to 
minimize their inter-recombination potential. The promoters used were CMV and RSV. 
Two cell Unes were created, PHEONIX-ECO and PHEONIX-AMPHO. Gag-pol was 
introduced with hygromycin as the cp-selecteble marker and the envelope proteins 
25 were Introduced with diptherte resistance as the co^electabte marker. Finally, the 

cells were screen^ to find a relatively rare ceO type that produced gag-pol and env In 
a uniform distributbn, although this is not required. Inadditk>n,a linetenned 
PHEONIX-gp has been produced that expresses only gag-pol. This line Is available 
for forther pseudotyping of retroviral virfons with other envelope proteins such as 

3 0 gibbon ape leukemia virus envefope or Vesicular Stomatitus VSV-G protein, 

Xenotropic, or retargetirig envelopes can also be added. 

Both PHEONIX-ECO and PHEONIX-^PHO were tested for helper virus production 
and established as being helper-vlnis free. Both lines can carry eplsomesfbr the 
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creation of stable cell lines which can be used to produce retrovirus. Botti fines are 
readily testable by flow cytonnetry for stability of gag-pol (CDS) and envelope ex- 
pression; after several nionths of testing the Rnes appear stable, and do not 
demonstrate loss of titre as did the first-generation lines BOSC23 and Bing (partly due 
5 to the choice of promoters driving expression of gag-pol and envebpe). Both lines can 
also be used to transiently produce virus in a few days. Thus, these new lines are fully 
compatible v^th tran^ent, episomal stable, and library generation fbr retroviral gene 
transfer experiments. Finally, the titres produced by these lines have been tested. 
Using standard polybreiie-ehhanced retroviral infection, titres approaching or above 
10 1 per ml were observed fbr both PHEONIX-eco and PHEONIX-ampho when carrying 
episomal constructs. When transientiy produced virus is made, titres are usually 1/2 to 
1/3 that value. 

These lines are helperw^s free* carry episomes fbr long-tenn stable production of 
retrovirus, stabty produce gag-pol and env. and do not demonstrate loss of viral titre 
15 over time. In addlton, PhlNX^ and PhiNX-ampho are capable of producing titres 
approaching or above 10^ per ml when carrying episomal constructs, which, with 
concentration of virus, can be chanced to 10' to 10" per ml. 

In a preferred embodiment, the cell Ones disclosed above, and the other methods for 
producing retrovirus, are useful fbr production of virus by transient transfection. The 
20 virus can either be used directly or be used to infect another retroviral producer cell 
line fbr "expansion" of the library. 

Concentiatton of virus may be done as follows. Generally, retroviruses are titred by 
applying retrovirus-containing supernatant onto Indicator cells, such as NtH3T3 cells, 
and then measuring the percentage of cells expressing phenotypic consequences of 

25 infection. The concentration of the vims Is determined by muWpying the percentage of 
cells infected by the dilution fatitor involved, and taidng into account the number of 
target cells available to obtain a relative titre. if the retrovirus contains a reporter gene, 
such as lacZ, then infection. Integration, and expression of the recombinant vims Is 
measured by histological staining for lacZ exprsslon or by flow cytometry (FACS). In 

3 0 general, retroviral titres generated from even the best of the producer cells do not 
exceed 10^ per nd, unless concentration liy relatively expensive or exotic apparatus. 
However, as it has been recently poshilated that since a particle as large as a 
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retrovirus wQl not move very far by brownlan motion in liquid, fluid dynamics predicts 
that much of the virus never comes in contact with the cells to initiate the infection 
process. However, If cells are grown or placed on a porous filter and retrovirus is 
allowed to move past cells by gradual gravitometric flow, a high concentration of virus 
5 around cells can be effectively maintained at all times. Thus, up to a ten-fold higher 
Infectivity by infecting cells on a porous membrane and allowing retrovirus supernatant 
to flow past them has been seen. This should allow titres of 1 0* after concentration. 

The candidate nucleic acids, as part of the retroviral construct, are introduced into the 
cells to screen for transdominant bloactive agents capable of altering the phenotype of 
10 a cell. 

As will be appreciated by those In the art, the type of cells used in the present invention 
can vary widely. Basically, any mammalian cells may be used, with mouse, rat, 
primate and human cells being particularly preferred, although as will be appreciated 
by those in the art modifications of the system by pseudotyping allows all eukaryotic 
-15 cells to be used, prefsFably higher eukaryotes. As is more fiJily described below, a 

screen will be set up such that the cells exhibit a selectable phenotype in the presence 
of a bloactive agent As is more fully described below, cell types implicated in a wide 
variety of disease conditions are particularly useful, so long as a suitable screen may 
be designed to allow the selection of cells that exhibK an altered phenotype as a 

2 0 consequence of the presence of a transdominant bipactive agent within the cell. 

Accordingly, suitable cell types include, but are not llmitad to, tumor cells of all types 
(particularly melanoma, myeloid leukemia, carcinomas of the lung, breast ovaries, 
cobn, kidney, prostate, pancreas and testes), cardiomyo^tes, endothelial cells, 
epithelial cells, lymphocytes (T-ceH and B cell) , mast cells, eosinophils, vascular 
25 intlmal cells, hepatocytes, leukocytes including mononuclear leukocytes, stem cells 
such as haemopoetic, neural, skin, lung, kidney, liver and myocyte stem cells (for use 
in screening for differentiation and de-differentiation factors), osteoclasts, chondrocytes 
and other connective tissue oelte, keratinocytes, melanocytes, Hver cells, kidney ceils, 
and adipocytes. Suitable cells also inckide known research cells, including, but not 

3 0 limited to, Jurkat T cells, NIH3T3 cells, CHO, Cos, etc See the ATCC cell line catalog, 

hereby expressly incorporated by reference. 
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In one embodiment, the cells may be genetically engineered, that i$, contain 
exogeneous nucleic add, for example, to contain target molecules. 

In a preferred embodiment, a first plurality of cells Is screened. That is, the cells into 
which the candidate nucleic adds are introduced are screened tbr an altered 
5 phenotype. Thus, In this embodiment, the effect of the transdominant bloactive agent 
is seen in the same cells In which it is made; i.e. an autocrine effect 

By a 'plurality of cells' herein Is meant roughly from about lO' ceUs to 10" or 10^, with 
lirom 10" to 10^ being preferred. This plurality of cells comprises a cellular library, 
wherein generally each cell within the library contains a member of the retroviral 

10 molecular library, i.e. a different candidate nudeic add, although as wHi be appreciated 
by those in the art, some cells within the library may not contain a retrovirus, and some 
may contain more than one. When methods other than retroviral Infection are used to 
introduce the candidate nucleic acids Into a plurality of cells, the distribution of 
candidate nudeic adds within the Individual cell members of the cellular library may 

15 vary widely, as it is generally difficult to control the number of nucleic adds which enter 
a ceH during electroporatioh, etc 

In a preferred embodiment, the candidate nudeic adds are introduced Into a first 
plurality of ceBs. and the effect of the candidate btoactlve agents Is screened fna 
second or third plurality of cells, different from the first plurality of cells, i.e. generally a 

2 0 different cell type. That is, the effect of the transdominant bioactlve agents Is due to an 
extracellular effect on a second cell; i.e. an endocrine or paracrine effect This is done 
using standard techniques. The first plurality of cells may be grown in or on one 
madia, and the media is allowed to touch a second pluralify of cells, and the effect 
measured. Alternatively, there may be direct contact between the cells. Thus, 

25 'contacting' is fimctional contact and indudes both dired and Indira In this 
ernbodiment the first plurality of cells may or may not be screened. 

if necessary, the cells are treated to conditions suitable for the expression of the 
candidate nudeic adds (for example, when Indudble promoters are used), to produce 
the candidate expression products, either translation or transcription products. 
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Thus, the methods of the present invention comprise introducing a molecular library of 
randomized candidate nucleic acids into a plurality of cells, a cellular library. Each of 
the nudeic acids comprises a different, generally randomized, nucleotide sequence. 
The plurality of cells Is then screened, as is more fully outiined below, for a cell 
5 exhibiting an altered phenotype. The altered phenotype is due to the presence of a 
transdomlnant bioactive agent 

By "altered phenotype' or "changed physiology" or other grammatical equivalents 
here^ is meant that the phenotype of the cell is altered in some way, preferably in 
some detectable and/or nneasurable way. As will be appreciated in the art, a strength 

10 of the present invention is the wide variety of ceil types and potential phenotypic 
changes which may be tested using the present methods. Accordingly, any " 
phenotypic change which may be observed, detected, or measured may be the basis 
of the screening methods herein. Suitable phenotypic changes include, but are not 
limited to: gross physical changes such as changes In cell morphology, cell growth, cell 

15 viability, adhesion to substrates or other cells, and cellular densi^ changes in the 
expression of one or more RNAs, proteins, lipids, homrwnes, cytokines, or other 
molecules; changes in the equilibrium state (Le. half-life) or one or more RNAs. 
proteins, lipids, honnones, cytokines, or other nwlecules; changes in the k)calization of 
one or more RNAs, proteins, lipids, honnones. cytokines, or other molecules; changes 

20 In the bksactivity or specific activity of one or more RNAs, proteins, Bplds, honnones. 
cytokines, receptors, or other molecules; changes in the secretion of ions, cytokines, 
hmnones, growth factors, or other molecules; alterations in cellular membrane 
potentials, polarization, integrity or transport; changes in Infectivity, susceptability, 
latency, adhesion, and uptake of vtnises and bacterial pathogens; etc. By "capable of 

2 5 altering the phenotype" herein is meant that the bioactive agent can change the 

phenotype of the cell in some detectable and/or measurable way. 

The altered phenotype may be detected in a wide varied of ways, as is described 
more fully bekiw, and will generally depend and correspond to the phenotype that is 
being changed. Generally, the changed phenotype is detected using, for example: 

3 0 mkmcopic analysis of cell morphology; standard cell viability assays, including both 

increased ceil death and increased cell viability, for example, cells that are now 
resistant to cell death via vims, bacteria, or bacterial or synthetic toxins; standard 
labeling assays such as fuorometric indicator assays for the presence or level of a 
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particular cell or molecule, Including FACS or other dye staining techniques; 
biochemical detection of the expression of target compounds after Iciliing the celis; eta 
In some cases, as is more fully descnl)ed herein, the altered phenotype Is detected In 
the ceH in which the randomized nucleic acid was Introduced; in other embodiments, 
5 the altered phenotype is detected in a second cell which is responding to some 
molecular signal from the first cell 

An altered pheno^pe of a cell Indicates the presence of a transdpminant bioaclive 
agent By Iransdominanf herein is meant that the bioactlve agent indirectly causes 
the altered pheno^pe by acting on a second molecule, which leads to an altered 

10 phenotype. That is. a transdominant expression product has an effect that is not In cis, 
Le.. a trans event as defined in genetic ternis or biochenfilcal tenns. A transdominant 
effect is a distinguishable effect by a molecular entity (i.e.. the encoded peptide or 
RNA) upon some separate and distinguishable target; that Is. not an effect upon the 
encoded entity itself. As such, transdonunant effects include many well-known effects 

15 by pharmacologic agents upon target motecutes or pathways In cells or physiologic 
systems; for instance, the p-lactam antibiotics have a transdominant effect upon 
peptidoglycan synthesis In bacterial cells by binding to penicillin binding proteins and 
disrupting their functions. An exemplary transdominant effect by a peptide Is the ability 
to Inhibit NF-kB signaling by binding to IkB^c at a region critical for its function, such 

2 0 that In the presence of sufficient amounts of the peptide (or molecular entity), the 
signaling pathways that nomwHy lead to the activation of NF-kB through 
phosphorylation and/or degradation of IkB-o are InhibitBd from acting at IkB-o 
because of the binding of the peptide or molecular entity. In another instance, 
signalmg pathways that are nonroliy activated to secrete IgE are inhibited In the 

25 presence of peptide. Or, signaling pathways in adipose tissue cells, normally 
quiescent, are activated to metabolize fat Or, in the presence of a peptide. 
Intracellular irochanisms for the replication of certain viruses, such as HIV-I. or HerT>es 
viridae family membere, or Resfrfratory Syncytia Vims, for example, are inhibited. 

A transdominant effect upon a protein or molecular pathway is clearly distinguishable 
30 from randomization, change, or mutetion of a sequence within a protein or molecute of 
known or unknown functton to enhance or diminish a biochemical abaity that protein or 
molecule already manifests. For Instance, a protein thatenzymattcally cleaves 
p-iactem antibiotics, a p-lactemase, could be enhanced or diminished In its activity by 
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mutating sequences internal to its stnicture that enhance or diminish the ability of this 
enzyme to act upon and cleave p-ladam antibiotics. This would be called a cIs 
mutation to the protein. The effect of this protein upon P-lactam antibiotics is an 
activity the protein already manifests, to a distinguishable degree. SMIarly, a mutation 
5 in the leader sequence that enhanced the export of this protein to the extracellular 
spaces wherein It might encounter p-lactam molecules more readily, or a mutation 
within the sequence that enhance the stability of the protein, would be termed cis 
mutations in the protela For cpmparlson, a transdominant effector of this protein 
would include an agent, independent of the p-lactamase, that bound to the 
1 0 lactamase in such a way that K enhanced or diniinished the function of the p-lactamase 
by virtue of its binding to p-lactamase. 

In general, cis-effects are effects within molecules wherein elements that are 
interacting are covalentty joined to each other although these elem^ts might 
individually manifest themselves as separable domains. Trans-effects (transdominant 
15 in that under some cellular conditions the desired effect is manifested) are those 

effects between distinct moliacular entities, such that molecular entity A, not covalentty 
linked to molecular entity B, binds to or otherwise has an effect upon the activities of 
entity B. As such, most known pharmaoologk»d agents are transdominant effectors. 

In a preferred embodiment, once a cell with an altered phenotype is detected, the ceU 
20 is isolated from the plurality whi^ do not have altered phenotypes. This may be done 
In any number of ways, as Is known in the art, and will in some instances depend on 
the assay or screen. Suiteble Isolation techniques include, but are not limited to. FACS, 
lysis selectton using complement, cell ctoning, scanning by Fluorimager. expression of 
a "sun^r protein, Induced expression of a cell surface protein or other molecule that 
25 can be rendered fluorescent or teggable for physical Isolation; expression of an 

enzyme that changes a non-fluorescent molecule to a fluorescent one; overgrowth 
against a background of no or skjw growth; death of cells and isolation of DNA or other 
cell vltelity indicator dyes, etc. 

In a preferred embodiment, the candidate nuclek: ackl and/or the btoactive agent is 
3 0 isolated from the positive ceil. This may be done in a number of ways. In a preferred 
embodiment, primers comptementafy to DNA regions convnon to the retroviral 
constructs, or to specific components of the librae such as a rescue sequence, 
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defined above, are used to "rescue' the unique random sequence. Alternatively, the 
bioactive agent is isolated using a rescue sequence. Thus, for example, rescue 
sequences comprising epitope tags or purification sequences may be used to puti out 
the bioactrve agent, using innmunopreclpitation or affinity columns. In some instances, 
5 as is outlined below, this may also pull out the primary target nwlecule, If there Is a 
sufficiently strong binding interaction between the bioactive agent and the target 
molecule. Alternatively, the peptide may be detected using mass spectroscopy. 

Once rmcued. the sequence of the bioacUve agent and/or bioactive nucleic acid is 
determined. This information can then be used in a number of ways. 

10 In a preferred embodiment, the bioactive agent is resyntheslzed and reintroduced into 
the target cells, to verify the effiecL This may be done using retroviruses, or 
alternatively using fusions to the HlV-1 Tat protein, and analogs and related proteins, 
which allows veiy high uptalce into target cells. See for example, Fawey et at., PfOAS 
USA 91:664 (1994); Frankel et al.. Cell 55:1189 (1988); Savlon et al., J, Biol. Chem. 

15 256:1 149 (1981); Derossi et al., J. Biol. Chem. 269:1 0444 (1994); and Baldin et aL, 
EMBO J. 9:1511 (1990), ail of which are incorporated by referenca 

In a preferred embodiment, the sequence of a bioactive agent is used to generate 
more candidate bioactive agents. For example, the sequence of the bioactrve agent 
may be the basis of a second round of (biased) randomization, to develop bioactive 

20 agents with increased or altered activities. Alternatively, the second round of 

randomization may change the affinity of the bioactive agent Furthennore. it may be 
desir^le to put the identified random region of the bioactive agent into other 
presentation structures, or to attef the sequence of the constant region of the 
presentation structure, to alter the conformation/shape of ttie bioactive agent It maijf 

25 also be desirable to %vallc' around a potential binding site, in a manner similar to the 

nrUitagenesis of a biriding pocket, by keeping erne end of the tigand region constant and 
randomizing the other end to shift the binding of the peptide around. 

In a preferred embodiment, either the bioactive agent or the bioactive nucleic acid 
encoding it is used to kientify target molecules, i.e« the molecules with which the 
3 0 bioactive agent Interacts. As will be appreciated by those In the art there may be 

primary target molecules, to which the btoactive agent binds or acts upon directly, and 
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there may be secondary target molecules, which are part of the signaUtng pathway 
affected by the bloactive agent; these might be temted "validated targets'. 

In a preferred embodiment, the bioadive agent is used to pull out target molecules. 
For exarhple, as outlined herein, if the target molecules are proteins, the use of epitope 
5 tags or purification sequences can allow the purification of primary target molecules via 
biochemical means (co-immunopredpitatlon, affinity columns, etc.). Altematrvely. the 
peptide, when expressed in bacteria and purified, can be used as a probe against a 
bacterial cDNA expression library made from mRNA of the target cell type. Or. 
peptides can be used as "bait" in either yeast or mammalian two or three hybrid e 

10 systems. Such interaction cloning approaches have been very useful to isolate DNA* 
binding proteins and other interacting protein components. The peptide(s) can be 
combined with other pharmacologic activators to study the epistatic relationships of 
signal transduction pathways in question, it is also possible to synthetically prepare 
labeled peptide bioactive agent and use It to screen a cONA library expressed in 

15 bacteriophage for those cDNAs which bind the peptide. Furthenfnore,ttisalso 

possible that one could use cDNA cloning via retroviral libraries to 'complemenf the 
effect induced by the peptide. In such a strategy, the peptide wouid be required to be 
stochiometrically titrating away some important factor for a specific signaling pathway. 
If this molecule or activity is replenished by over-expression of a cDNA from within a 

2 0 cDNA library, then one can done the target Simiiariy, cDNAs cloned by any of the 

above yeast or bacteriophage systems can be reintroduced to mammalian cells in this 
manner to confirm that they act to complement function in the system the peptide acts 
upon. 

Once primary target mdecules have been identified, secondary target nnolecules may 
25 be identified in the same manner, using the primary target as the 'baif . In this 

manner, signalling pathways may be elucidated. Sinnilarly, bioadive agents specific fbr 
secondary target n)olecules may also be discovered, to allow a number of bioactive 
agents to ad on a single pathway, for example for combination therapies. 

The screening methods of the present invention may be useful to screen a large 

3 0 number of cell types under a wide variety of conditions. Generally, the host cells are 

cells that are involved in disease states, and they are tested or screened under 
conditions that normally result in undesirable consequences on the cells. When a 
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suitable bioactive agent is found, the undesirable effect may be reduced or eliminated. 
Altemativety, normally desirable consequences may be reduced or eliminated, with an 
eye towards elucidating the cellular mechanisms associated with the disease state or 
s^nalting pathway. 

5 tri a preferred embodiment, the present methods are usefiii in cancer applications. 
The ability to rapidly and spedficaRy kill tumor cells is a cornerstone of cancer 
chemotherapy. In general, using the methods of the present invention, random 
libraries can be Introduced Into any tumor cell (primary or cultured), and peptides 
identified which by themselves Induce apoptosis, cell death, loss of cell division or 

10 decreased cell growth. Thismay be done de novo, or by biased randomteation toward 
known peptide agents, such as angiostatin, which Inhibits blood vessel wall growth. 
Alternatively, the methods of the present Invention can be combined with other cancer 
therapeutics (e.g. drugs or radiation) to sensitize the ceils and thus induce rapkl and 
specific apoptosis, cell death, loss of cell division or decreased cell growth after 

15 exposure to a secondary agent Similarly, the present methods may be used in 
conjunction with known cancer therapeutics to screen for agonists to make the 
therapeutic more effective or less toxic! This Is particularly preferred when the 
chemotherapeutic is very expensive to produce such as taxol. 

m 

Known oncogenes such as v-Abl, v*Src v-Ras, and others, induce a transformed 
2 0 phenotype leading to abnomial ceil growth when transfected into certain ceils. This is 
also a major problem with micRHmetastases. Thus, in a preferred embodiment, non- 
transformed cells can be transfected with these oncogenes, and then random libraries 
introduced into these cells, to select for bioactive agents which reverse or correct the 
transformed state. One of the signal features of oncogene transformation of cells is 
25 the toss of contact inhibitk>n and the at)ility to grow in soft-agar. When transforming 
vimses are constructed containing v-Abl, v-Src, or v-Ras in IRES-puro retroviral 
vectors, infected into target 3T3 cells, and subjected to puromydn selection, all of the 
3T3 cells hyper-transform and detach f^m the plate. The cells may be removed by 
washing with fresh medium. This can serve as the basis of a screen, since cells which 
30 express a bioactive agent will remain attached to the plate and form cotonies. 

Similarly, the growth and/or spread of certein tumor types is enhanced by stimulatory 
responses from growth factors and cytokines (PDGF. EGF, Heregulin, and others) 
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which bind to receptors on the surfaces of specific tumors, in a preferred embodiment, 
the methods of the invention are used to inhibit or stop tumor growth and/or spread, by 
finding bioactive agents capable of bloclcing the abi% of the growth iactor or cytokine 
to stimulate the tumor cell. The introduction of random libraries into spedfic tumor 
5 cells with the addition of the growth factor or cytokine, followed by selection of 
bioacQve agents which block the binding, signaling, phenotypic and/or functional 
responses of these tumor cells to the growth factor or cytokine In question. 

Similarly, the spread of cancer cells Onvaslon and metastasis) is a significant problem 
limiting the success of cancer therapies. The ability to inhibit the invasion and/or 

10 migration of spedfic tumor cells would be a significant advance In the therapy of 
cancer. Tumor cells known to have a high metastatic potential (for example, 
melanoma, lung cellcardnoma, breast and ovarian cardnoma) can have random 
libraries introduced into them, and peptides selected which in a migration or invasion 
assay, inhibit the migration and/br invaston of specific tumor cells. Particular 

15 applk»tk)ns for inhibition of the metastatic phenotype, which couki allow a more 

spedfic inhibition of metastasis, include the metastasis suppressor gene NM23i which 
codes for a dinudeoside diphosphate kinase. Thus intracellular peptide activators of 
this gene couki bk>ck metastasis, and a screen for its upregulation (by fusing it to a 
reporter gene) would be of interest litany oncogenes also enhance metastasis. 

2 0 Peptides which Inactivate or counteract mutated RAS oncogenes, v-MOS, v*RAF, 

A-RAF. v-SRC, v-FES. and v-FMS would also act as anti-metastatics. Peptides which 
act Intracellularly to block the release of combinations of proteases required for 
invasion, such as the matrix metalloproteases and urokinase, could also be effective 
antimetastatics. 

25 In a preferred embodiment, the random libraries of the present Invention are introduced 
into tumor cells known to have inactivated tumor suppressor genes, and successful 
reversal by either reactivation or compensation of the knockout would be screened by 
restoration of the nonnal phenofype. A major example is the reversal of 
p53-inactivating mutations, which are present in 50% or more of all cancers. Since 

3 0 p53's actions are complex and involve its action as a transcription factor, ttiere are 

probably numerous potential ways a peptide or small molecule derived from a peptide 
coukJ reverse the mutation. One e^xample wouki be upregulation of ttie immediately 
downstream cycGn-dependent kinase p21CIP1AVAF1. To be useful such reversal 
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would have to work for many of the different known p53 mutations. This is currently 
l)e{ng approached 1^ gene theraf^ one or more small molecules which do this might 
be preferable. 

Another example involves screening of bioactive agents which restore the constitutive 
5 functton of the brca-1 or brca-2 genes, and other tumor suppressor genes important in 
breast cancer such as the adenomatous polyposis coli gene (APC) and the Drosophila 
discs-targe gene (Dig), which are components of cell-ceil junctions. Mutations of brca-1 
are important in hisreditary ovarian and breast cancers, and constitute an additional 
application of the present invention. 

10 in a preferred embodiment, the methods of the present inventton are used to create 

novel ceH tines from cancers from patients. A retroviraily delivered short peptide which 
inhibits the final conrvnon pathway of programmed dsU death shoukJ allow for short- 
and possibly long-term cell lines to be established. Conditions of in vitro culture and 
infectkm of hurnan leukemia cells wifl be {established. There Is a real need f6r methods 

15 which aliQw the maintenance of certain tumor cells in culture k>ng enough to allow for 
phystoiogical and pharmacological studies. Currently, some human cell lines have 
been established by the use of transforming agents such as Ebsteln-Barr virus that 
considerably alters the existing physiology of the cell. On occaston, cells v^l grow on 
their own in cultun» but this is a random event Programmed ceil death (apoptosis) 

20 occurs via' complex signaling pathways within ceils that ultimately activate a final 
cohimon pathway producing characteristic changes in the cell leading to a non- 
inflammatory destruction of the cell. It is well known that tumor celts have a high 
apoptotic index, or propensity to enter apoptosis in vivo. When cells are placed in 
culture, the in vivo stimuli for malignant ceil growth are renK>ved and cells readily 

25 undergo apoptosis. The objective would be to develop the technology to establish 
cell (nnes firom any number of primary tumor cells, for example primary human 
leukemia cells, in a reprodudble manner without altering the native configuration of the 
signaling pathways In these cells. By introducing nucleic adds encoding peptides 
which inhibit apoptosis, Increased cell sun/lval in vitro, and hence the opportunity to 

3 0 study agnaliing transduction pathways in primary human tumor cells, is accomplished. 
In additbn. these methods may be used for culturing primary cells, l.e. non-tumor cells. 
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In a preferred embodiment, the present methods are useful in cardiovascular 
applications. In a preferred emtx>diment, cardionTyocytes may be screened for the 
prevention of cell damage or death in the presence of nomially injurious conditions, 
including, but not limited to, the presence of toxic drugs (particularly chemotherapeutic 
5 drugs), for example, to prevent heart failure following treatment with adriarnycin; 
anoxia, for example in the setting of coronary artery occlusion; and autoimmune 
cellular damage by attack from activated lymphoid cells (for example as seen in post 
^ral myocarditis and lupus). Candidate bioactive agents are inserted into 
cardion^ocytes. the cells are subjected to the insult, and bioactive agents are selected 
10 thst prevent any or all ot apoptosis; membrane depolarization (le. decrease 

anythmogenic potential of insult); ceil swelling; or lealcage of specific intnacellular ions, 
second messengers and activating molecules (for example, arachidonic add and/or 
lysophosphatldic acid). 

In a preferred embodiment, the present methods are used to screen for diminished 
15 anhythmia potential in cardiomyocytes* The screens comprise the introduction of the 
candidate nudeic adds encoding candkiate bioactive agents, followed by the 
application of arrythmogenic insults, with screening for bioactive agents that biocic 
spedfic depolarization of cell membrana This may be detected using patch damps, or 
via fluorescence techniques). Similarly, channel activity (for example, potassium and 

2 0 chloride channels) in cardiomyocytes could ba regulated using the present methods in 

order to enhance contractility and prevent or diminish airhythmlas, 

m a preferred embodiment, the present methods are used to screen for enhanced 
contractile properties of cardiomyocytes and dimNsh heart failure potential. The 
Introduction of the libraries of the invention foPowed by nttasuring the rate of change of 
25 myosin potymerization/depolymerization using fluorescent techniques can be done. 

Bioactive agents which increase the rate of change of this phenomenon can result in a 
greater contractile response of the entire myocardium, similar to the effect seen with 
digitalis. 

In a preferred embodiment, the present methods are useful to Identify agents that will 

3 0 regulate the Intnacellular and sarcolenunal caldum cydtng in cardiomyocytes in order , 

to prevent arrhythmias. Bioactive agents are selected that regulate sodium-caldum 
exchange, sodium proton pump function, and regulation of calduuhATPase acth^ity. 
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In a preferred embodiment the present methods are useful to identify agents that 
diminish emk)olic phenomena in arteries and arterioles leading to strolces (and other 
occlusive events leading to kidney faOure and limb ischemia) and angina precipitating a 
myocaniia) interct are selected. For example, bioactive agents which will diminish the 
5 adhesion of platelets and leukocytes, and thus diminish the occluskm events* 

Adhesion In this setting can be inhibited by the libraries of the invention being inserted 
into endothelial cells (quiescent cells, or activated by cytokines, i.e. IM, and growth 
Actors. I.e. POGF / EGF) and then screening for peptides that either 1 ) downregulate 
adhesion molecule expresskm on the surface of the endothelial cells (binding assay); 
10 2) block adhesion molecule activatton on the surface of these cells (signaling assay); 
or 3) release in an autocrine manner peptides that block receptor binding to the 
cognate receptor on the adhering cell. 

Embo&c phenomena can also be addressed by activating proteolytic enzymes on the 
cell surfaces of endothelial cells, and thus releasing active enzyme which can digest 
15 blood dots. Thus, deliveify of the libraries of the Invention to endotheUal cans is done, 
followed by standard fluorogenic assays, which will allow monitoring of proteolytic 
activity on the cell surfece towards a known substrate. Bk)active agents can then be 
selected which activate specific enzymes towards specific substrates. 

In a preferred embodiment, arterial ihflammatkm in the setting of vasculitis and 

2 0 post-inferction can be regulated by decreasing the chemotactic responses of 

leukocytes and mononuclear leukocytes. This can be accomplished by btocking 
chemotactic receptors and their responding pathways on these cells. Candidate 
btoactive libraries can be inserted into these cells, and the chemotactic response to 
diverse chemokines (for example, to the IL-8 family of chemokines, RAMTES) inhibited 
25 in cell migration assays. 

In a preferred embodiment, arterial restenosis following coronary angioplasty can be 
controlled by regulating the proliferatton of vascular Intimal cells and caplllaiy and/or 
arterial endothelial cells. Candidate bioactive agent libraries can be inserted into these 
cell types and their proliferatton In resjponse to apecifostiiTUilirnonh^ One 

3 0 application may intracellular peptides which block the expresston or function of 

c*myc and other oncogenes in sniooth muscle cells to stop their proiiferatton. A 
second application may Involve the expression of libraries In vascular smooth musde 
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cells to selectivety induce their apoptosis. Application of smaW molecules derived from 
these peptides may require targeted drug delivery; this Is available with stents, 
hydrogel coatings, and lnfusion-l)ased catheter systems. Peptides which downregulate 
endotheiin*1A receptors or which block the release of the potent vasoconstrictor and 
5 vascular smooth muscle cell mitogen endotheiin-1 may also be candidates for 

therapeutics. Peptides can be isolated from these libraries which inhibit growth of these 
cells, or which prevent the adhesion of other cells in the circulation known to release 
autocrine growth factors, such as platelets (PDGF) and mononuclear leukocytes. 

The control of capillary and btood vessel growth Is an Important goat in order to 
1 0 promote Increased b\oo6 fk)w to Ischemic areas (growth), or to cut-off the blood supply 
(anglogenesis inhibition) of tumors. Candidate bbadive agent libraries can be Inserted 
Into capillary endothelial cells and their growth nru}nitored. Stimuli such as low oxygen 
tension and varying degrees of angiogenic factors can regulate the responses, and 
peptides isolated that produce the appropriate phenotype. Screening for antagonism of 
IS vascular endothelial cell growth factor, important in angk)genesls, wouki also be useful. 

In a preferred embodiment, the present methods are useful in screening for decreases 
In atherosclerosis producing mechanisms to find peptides that regulate LDL and HDL 
metabolism. Candidate libraries can be inserted into the appropriate cells (including 
hepatocytes, ntononudear leukocytes, endothelial cells) and peptides selected which 
2 0 lead to a decreased release of LDL or diminished synthesis of LOL, or conversely to an 
increased release of HDL or enhanced synthesis of HDL Bk>active agents can also be 
isolated from candxJate libraries which decrease the production of oxidized LDL. which 
has been implicated in atherosclerosis and isolated from atherosclerotic lesions. This 
could occur by decreasing its expresston, activating reducing systems or enzymes, or 

2 5 bk)cking the activi^ or productton of enzymes Implicated in production of oxidized LDL. 

such as 15-lipoxygenase in macrophages. 

in a preferred embodiment, the present methods are used in screens to regulate 
obesity via the control of food intake mechanisms or diminishing the responses of 
receptor signaling pathways that regulate metabolism. Bioactive agents that regulate or 

3 0 Inhibit the responses of neuropeptMe Y (NPY). cholecystoklnin and galanin receptors, . 

are particulariy desirable. CandMate libraries can be kiserted into cells that have these 
recept rs cloned into them, and inhibitory peptides selected that are secreted in an 
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autocrine manner that block the signaling responses to galanin and NPY. in a similar 
manner, peptides can be found that regulate the leptin receptor. 

in a preferred embodiment, the present methods are useful in neurobiology 
applications. Candidate libraries may be used for screening for anti^apoptotics. for 
5 preservation of neuronal hinction and prevention of neuronal death. Initial screens 
would be done in cell culture. One application would include prevention of neuronal 
death, by apoptosis, in cerebral ischemia resulting from stroke. Apoptosis is known to 
be blocked by neuronal apoptosis inhibitory protein (NA3P); screens for its 
upregulation, or effecting any coupled step could yield peptides which selectively bk)ck 
1 0 neuronal apoptosis. Other applicatbns include neurodegenerative diseases such as 
Alzheimer's disease and Huntington's disease. 

In a preferred embodiment the present methods are useful in bone biology 
applications. Osteoclasts are known to play a key role in bone renx)deling by 
breaking down 'M' bone, so that osteoblasts can lay down "new" t)one. In 
15 oste(^)orosis one has an imbalance of this process. Osteoclast overactivity can be 
regulated by inserting candidate libraries Into these cells, and then tooklng for 
bk)active agents that produce: 1) a diminished processing of collagen by these ceils; 2) 
decreased pit formation on bone chips; and 3) decreased release of calcium from bone 
fragments. 

2 0 The present methods may also be used to screen for agonists of bone morphogenk: 

proteins, hormone mimetics to stlnuilate, regulate, or enhance new bone formation (in 
a manner similar to parathyroM hormone and cateitonin, fbr example). These have use 
in osteoporosis, for poorly healing fractures, and to accelerate the rate of healing of 
new fractures. Furthemnore, cell lines of connecthw tissue origin can be treated with 
25 candidate libraries and screened fbr their growth, pmliferatfon, collagen stimulating 
activity, and/or proline incoiporating abili^ on the target osteoblasts. Alternatively, 
candidate libraries can be expressed directly in osteoblasts or chondrocytes and 
screened fbr increased production of collagen or bone. 

In a preferred embodiment, the present methods are useful in skin biology appiicatk>ns. 

3 0 Keratlnocyte responses to a variety of stimuli may result In psoriasis, a profifierath^e 

change in these ceils. Candidate libraries can be inserted into cells removed from 
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active psoriatic plaques, and bloactive agents isolated whicli decrease the rate of 
growth of these cells. 

In a preferred embodiment the present methods are useful in the regulation or 
inhibition of keloid formation (Le. excessive scarring). Candidate libraries inserted into 
5 sfcin connective tissue cells isolated from individuals with this condition, and bloactive 
agents Isolated that decrease proliferation, collagen formation, or proline incorporation. 
Results from this work can be extended to treat the excessh/e scarring that also occurs 
in bum patients. If a common peptide motif is found in the context of the keloid work, 
then it can be used widely in a topical manner to diminish scarring post bum. 

1 0 Similarly, wound healing for diabetic ulcers and other chronic lailure to hear 

conditions in the skin and extremities can be regulated by providing additional growth 
signals to cells which populate the skin and dermal layers. Growth factor mimetics 
may in fact be very useful for this condltton. Candidate libraries can be inserted into 
skin connective tissue cells, and bkmctive agents isolated which promote the growth of 

15 these cells under "harsh* conditions, such as low oxygen tension, k)w pH, and the 
presence of inflammatory mediators. 

Cosmeceuticai applications of the present invention Include the control of melanin 
production In skin melanocytes. A naturally occuning peptkie. arbutin, is a tyrosine 
hydroxylase inhibitor, a key enzyme in the synthesis of melanin. Candidate libraries 
20 can be inserted into melanocytes and knowri stimuli that increase the synthesis of 

melanin applied to the ceNs. Bk)active agents can be isolated that inhibit the synthesis 
of melanin under these conditions. 

In a preferred embodiment, the present methods are useful in endocrinology 
applications. The retroviral peptide library technology can be applied broadly to any 

25 endocrine, growth factor, cytokine or chemokine networic which involves a signaling 
peptide or protein that acts in either an endocrine, paracrine or autocrine manner that 
binds or dlmerizes a receptor and activates a signaling cascade that results In a known 
phenotypic or functional outcome. The methods are applied so as to isolate a peptide 
which eittier mimics the desired honrxme (La, insulin, leptin. calcitonin, PDGF. E6F, 

3 0 EPO. GMCSF. IL1-1 7. mimetics) or Inhlt)^ Its action by eitiier blocking the release of 
the hormone, blocking Its binding to a specific receptor or carrier protein (for example. 




wo 97/27213 PCT/US97/01048 

-44- 

CRF binding protein), or inhibiting the intracellular responses of the specific target 
cells to that homnone. Selection of peptides which increase the expression or release 
of hormones Uom the cells which normally produce them could have broad 
applications to conditions of homnonal deficiency. 

5 In a preferred embodiment, the present methods are useful in Infectious disease 

applications. Virat tetoncy (herpes vinises such as CMV, EBV, HBV, and other viruses 
such as HIV) and their reactivation are a significant problem, particularly in 
immunosuppressed patients ( patients with AIDS and transplant patients). The abilify 
to block the reactivation and spread of ttmse viruses is iah important goal. Cell lines 

10 icnown to harbor or be susceptible to latent viral infection can be infected with the 

specific virus, and then stimuli applied to these cells which have been shown to lead to 
reactivation and viral replication. This can be followed by measuring viral titers in the 
medium and scoring cells for phenotypic changes. Candidate tibrartes can then be 
inserted Into these ceils under the above conditions, and peptides isolated which block 

15 or diminish the growth and/or release of the vims. As with chemotherapeutics» these 
experiments can also be done with drugs which are only partially effective towards this 
outcome, and b»active agents Isolated which enhance the virucidal effect of these 
dnigs. 

One example of many is the abili^ to block HIV-linfectkm. HIV*1 requires CD4 and a 

2 0 co-receptor which can be one of several seven transmembrane G-protein coupled 

receptors. In the case of the infection of macrophages, CCR*5 is the required co- 
receptor, and there is strong evidence that a block on CCR-5 will result in resistance to 
HIV-1 infectk)n. There are two lines of evidence for this statement Rrst, it is known 
that the natural Uganda for CCR-5. the CO chemokines RANTES, MlPla and MlPlb 
25 are responsible for CD8^ mediated resistance to HIV. Second, indrvkiuals 

homozygous for a mutant allele of CCR-5 ans completely resistant to HIV infection. 
Thus, an inhibitor of the CCR-5/HIV interaction woukj be of enormous interest to both 
biologists and clinicians. The extracellutar anchored constructs offer superb tools for 
such a discovery. Into ^e transmembrane, epitope tagged, glycine-serine tethered 

3 0 constructs (ssTM V G20 E TM), one can place a random, cyclized peptkle library of 

the genera! sequence CNNNNNNNNNNC or C-{X)n-C. Then one inf^ a cell line that 
expresses CCR-5 with retroviruses containing this library. Using an antibody to CCR^S 
one can use FACS to sort desired cells based on the binding of this antibody to the 
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receptor. All cells which do not bind the dntit)ody will be assumed contain inhibitors of 
this antibody binding site. These mhibitors, in the retroviral construct can be ftirther 
assayed for their ability to inhibit HIV-1 entry. 

Viruses are known to enter cells using specific receptors to bind to cells (for example, 
5 (HIV uses CD4, coronavirus uses CD1 3, murine leukemia vims uses transport protein, 
and measles vims usesC044) and to fuse with ceils (HIV uses chemokine receptor). 
Candidate libraries can be inserted Into target cells known to be permissive to these 
viruses, and bioactive agerits isolated which block the ability of these viruses to bind 
and fuse with spedHc target cells. 

10 , In a preferred embodiment, the present invention finds use with vifectious organisms. 
Intracellular organisms such as mycobacteria, listeria, salmonella, Pneumocystis, 
yersinia, leishmanla, T. cruzi, can persist and replicate within cells, and become active 
in immunosuppressed patients. There are currently dnjgs on the market and in 
development which are either only partially effective or ineffective against these 

X5 organisms. Candkiate libraries can be inserted into spedfic cells initetedw^ 

organisms (pre- or post-inf^ctk)n), and bioactive agents selected which promote the 
intracellular destruction of these organisms In a manner anak}gous to intracellular 
'antibiotic peptkies' similar to magainlns. In additton peptides can be selected which 
enhance the cidalpropeities of drugs already under investigation which have 

2 0 insufficient potency by themselves, but when confined with a spediic peptkie from a 

candidate library, are dramatically more potent through a synergistic mechanism. 
Finally, btoactive agents can be isolated which alter the rnetabolism of these 
Intracellular organisms, In such a way as to terminate their intracellular life cyde by 
inhibiting a key organismal event 

25 Antibiotic drugs that are wkfely used have certain dose dependent tissue spedfic 
toxidties. For example renal toxid^ is seen with the use of gentamicin,tobramydn, 
and amphoteridn; hepatotoxidfy is seen urith the use of INH and rifampin; bone 
marrow toxidty is seen with chloramphenicol; and platelet toxld^ is seen with 
ticardllin, etc These toxicities Omit their use. Candidate Dbraries can be introduced 

3 0 Into the spedfic cell types where spedfic changes leading to cellular damage or 

apoptosis by the antibiotics are produced, and bioactiye agents can be Isolated that 
confer protection, when these ceils are treated with these speclfk} antibiotics. 
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Furthermore, the present fnventfon finds use in screening for bioactive agents that 
block antibiotic transport mechanisms. The rapid secretion from the blood stream of 
certain antibiotics limits their usefulness. For example penicillins are rapidly secreted 
by certain transport mechanisms in the kidney and choroid plexus in the brain. 
Probenecid is known to block this transport and Increase serum and tissue levels. 
Candidate agents can be inserted into specific cells derived from kkiney cells and cells 
of the choroid plexus known to have active transport mechanisms for antibiotics. 
Bk»ctive agents can then be isolated which block the active transport of specific 
antibiotics and thus extend the serum halflife of these drugs. 

In a preferred embodiment, the present methods are useful In dnig toxicities and drug 
resistance applications. Drug toxicity Is a significant clinical problenrt This may 
manifest itself as specific tissue or cell damage with the result Uiat the drug's 
efftetiveness Is limited. Examples Include myeloablatton In high dose cancer 
chemotherapy, damage to epithelial cells lining the airway and gut, and hair loss. 
Specific examples include adriamycin induced cardiomyocyte death, 
dsplatlnln-induced kidney toxicity, vincristine-induced gut nriotility disorders, and 
cydosporin-induced kidney damage. Candidate libraries can be introduced into 
specific cen types with characteristic drug-induced phenotypic or functtonal responses, 
in the presence of the drugs, and agents isolated which reverse or protect the specific 
cell type against the toxic changes when exposed to the drug. These efliects may 
manifest as bkx^king the dnjg induced apoptosis of the cell of interest, thus initial 
screens will be survival of the ceUs in the presence of hfgh levels of drugs or 
combinations of drugs used in combinatton chenootherapy. 

Drug toxicity may be due to a specific metabolite produced in the liver or kkJney which 
is highly toxic to specific cells, or due to drug interactions in the liver which btock or 
enhance the metebolism of an administered dmg. Candidate libraries can be 
introduced into liver or kidney cells following the exposure of these cells to the drug 
known to produce the toxic meteboOte. Bioactive agents can be isolated which alter 
how the liver or kidney ceils meteboiize the drug, and specific agents Identified which 
prevent the generatton of a specific toxic metebolite. The generation of the nnetebolite 
can be followed by mass spectrometry, and phenotypic changes can be assessed by 
microscopy. Such a screen can also be done in cultured hepatocytes, cocultured with 
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readout cells which are specifically sensitive to the toxic metabolite. Applications 
include reversible (to limit toxicity) inhibitors of enzymes involved In drug metabolism. 

Multiple drug resistance, and hence tumor cell selection, outgrowth, and relapse, leads 
to morbidify and mortality in cancer patients. Candidate libraries can be introduced 
5 into tumor cell lines (primary and cultured) that have demonstrated specific or multiple 
drug resistance. Bipactive agents can then be identified which confer drug sensitivity 
when the cells are exposed to the drug of interest, or to drugs used in combination 
chemotherapy. The readout can be the onset of apoptosis in these cells, membrane 
permeability changes, the release of Intracelli^r ions and fluorescent markers. The 

10 cells In which multidrug resistance Involves membrane transporters can be preloaded 
with fluorescent transporter substrates, and selection carried out for peptides whtoh 
block the normal efflux of fluorescent dnjg from these cells. Candidate libraries are 
particularly suited to screening for peptides which reverse pooriy characterized or 
recently discovered intracellular mechanisms of resistance or mechanisms for which 

15 few or no chemosensitizens cun^ntiy exist, such as mechanisms involving LRP (lung 
re^stance protein). This protein has been Implicated in muitklrug resistance In ovarian 
carcinoma, metastatic malignant melanoma, and acute myeloid leukemia. Particularly 
interesting examples indude screening for agents which reverse more than one 
important resistance mechanism In a single cell, which occurs \n a subset of the most 

2 0 dnjg resistant ceils, which are also important targets. Applications would include 

screening for peptide inhibitors of both MRP (multidrug resistance related protein) and 
LRP for treatment of resistant.ceils In metastatic melanoma, for inhibitors of both 
p-glycoprotein and LRP in acute myeloid leukemia, and fbr inhibition (tyy any 
mechanism) of all three proteins for treating pan-resistant cells. 

25 In a preferred embodiment, the present me^ods are useful In Improving the 

performance of existing or developmental drugs. First pass .metabolism of oralty 
admktlstered drugs limits their oral bk)8vailability. and can result in diminished efficacy 
as well as the need to administer more drug for a desired effect f^ersible inhibitors 
' of enzynms Involved in first pass metabolism nnay thus be a usefltt adjunct enhancing 

30 the efficacy of these drugs. First pass metabolism occurs in the liver, thus inhibitors of 
the corresponding catabolic enzymes may enhance the effect of the cognate drugs. 
Reversible inhibitors would be delivered at the same time as, or slightly before, the 
dnig of interest Screening of candidate libraries in hepatocytes for inhibitors (by any 
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mechanism/such as protein downregu)atk>n as well as a direct Inhibition of activity) of 
particuiart/ problematical isozymes would be of Interest These Include the CYP3A4 
isozymes of cytochrome P450, which are Involved in the first pass nwtaibolism of the 
anti-HlV drugs saquinavir and indinavir. Other applications could include reversible 
5 inhibitors of UDP-glucuronyitransferases, suifotransferiases. N-ac^ltransfiBrases, 

epojdde hydrolases, and glutathione S*transferases, depending on the drug. Screens 
would be done in cultured hepatocytes or liver microsomes, and could involve 
antibodies recognizing the specific modi^tion performed In the liver, or cocultured 
readout ceUs, If the metabolite had a different bioactivity than the untransformed drug. 
10 The enzymes modifying the drug would not necessarily have to be known, if screening 
was for lack of alteratbn of the dmg. 

In a prefemad embodiment, the present methods are useful in immunobiology, 
inflammatkm, and allergic response applications. Selective regulatkm of T lympho^ 
responses is a desired goal in order to modulate immune-mediated diseases in a 

15 specifio manner. Candklate libraries can be introduced Into specific T cell subsets 
(TH1 , TH2, CD4-I', CDS-*', and others) and the responses whk:h characterize those 
subsets (cytokine generatkm, cytotoxKify, prolifiBratk)n In response to antigen being 
presented by a mononuclear leukocyte, and others) modified by noembers of the 
library. Agents can be selected which Increase or diminish the known T ceil subset 

20 physlotogic response. This approach win be useftil in any number of conditk>ns, 

including: 1) autoimmune diseases where one wants to induce a tolerant state (select 
a peptide that inhibits T cell subset from recognizing a self-antigen bearing ceil); 2) 
allergic diseases where one wants to decrease the stimulation of IgE producing cells 
(select peptkie which btocks release from T cel^ subsets of specific B-cell stimulating 

25 cytokines which Induce switch to IgE production); 3) In transplant patients where one 
wants to induce selective Immunosuppression (select peptide that diminishes 
proliferative responses of host T cells to foreign antigens); 4) in lymphoproliferatlve 
states where one wants to inhibit the growth or sensitize a specific T cell tumor to 
chemotherapy and/or radiation; 5) in tunwr surveillance where one wants to inhibit the 

3 0 killing of cytoto)dc T cells by Fas ligand bearing tumor cells; and 5) in T cell mediated 
Inflammatory diseases such as Rheumatoid arthritis, Connective tissue diseases 
(SLE). Multiple sclerosis, and inflammatory bowel disease, where one wants to inhibit 
the proliferation of disease^using T cells (promote their selective apoptosis) and the. 
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resuiting selective destruction of target tissues (cartilage, cormective tissue, 
oUgoderidrocytes. gut endothelial ceNs, respectively). 

Regulation of B cell responses will permit a more selective modulation of the type and 
amount of immunoglobulin noade and secreted by specific B ceil subsets. Candidate 
5 libraries can be Inserted into B cellst and bioactive agents selected which inhibit the 
release and synthesis of a specific immunoglobulin. This may be useful In 
autoimmune diseases characterized by the overproduction of auto antibodies and the 
production of allergy causing antibodies, such as IgE. Agents can also be identified 
which Inhibit or enhance the binding of a specific Immunoglobulin subclass to e 
1 0 specific antigen either foreign of self. Finally, agents can be selected which Inhtoit the > 
binding of a specific immunoglobulin subclass to its receptor on specific cell types. 

Similarly, agents which affect cytplcine production may be selected, generally using two 
cell systems. For example, cytpidne production from macrophages, monocytes, etc. 
may be evaluated. Similarly, agents which mimic cytokines, for example erythropoetin 
15 and IL1-17. may be selected, or agents that bind cytoldnes such as TNFkx, before they 
bind their receptor. 

Antigen processing by mononuclear leukocytes (ML) is an in^rtant early step in the 
immune system's abili^ to recognize and eliminate foreign proteins. Candidate agents 
can be inserted Into ML cell lines and agents.selected which alter the intracellular 

2 0 processing of foreign peptkles and sequence of the foreign peptide that is presented to 

T cells by MLs on their cell surface in the contact of Class II MHC. One can look for 
members of the library that enhance immune responses of a particular T cell subset 
' (for exarr^ie, the peptkiewoukt In ^ work as a vaccine), or look for a library n^ 
that binds more tightly to MHC, thus displacing naturally occurring peptides, but 
25 nonetheless the agent would be less immunogenic (less stimulatory to a specific T cell 
clone). This agent wouM In fact induce immune tolerance and/or diminish Imnmme 
responses to foreign proteins. This approach could be used in transplantation, 
autoinnmune diseases, and allergic diseases. 

The release of InflamnriatQry mediators (cytokines, leukotrienes, pr^^ 

3 0 platelet activating factor, histamine, neuropeptides, and other peptide and lipid 

mediators) is a key element In maintaining and ampli^ing aberrant immune 
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responses. Candidate libraries can be inserted into MLs, mast cells, eosinophils, and 
other cells participating in a specific inflamniatory response, and bioactive agents 
selected which inhibit the synthesis, release and binding to the cognate receptor of 
each of these ^pes of mediators. 

In a preferred embodimentr the present methods are useful in biotechnology 
applications. Candidate library expression In mammalian cells can also be considered 
for other phannaceutical-related applications, such as modification of protein 
exprestion, protein folding, or protein secretion. One such example would be In 
commercial production of protein pharmaceuticals in CHO or other cells. Candidate 
libraries resulting in bipactrve agents which select for an increased ceil growth rate 
(perhaps peptides mimicking growth factors or acting as agonists of griswth factor 
signal transduction pathways), for pathogen resistance (see previous section), for lack, 
of slalylation or glycosylatlon (by blocking glycotransfbrases or rerouting trafficking of 
the protein In the cell), for alkiwing growth on autodaved media, or for growth in serum 
free media, wouM an Increase productivity and decrease costs In the production of 
protein pharmaceuticals. 

Random peptkies displayed on the surface of circulating cells can be used as tools to 
identify organ, tissue, and cell specific peptide targeting sequences. Any cell 
introduced into the bloodstream of an animal expressing a library targeted to the cell 
surface can be selected for specific organ and tissue targeting. The bioactive agent 
sequence Mentified can then be coupled to an antibody, enzyme, drug, imaging agent 
or substance for which organ targeting is desired. 

Other agents which may be selected using the present invention include: 1) agents 
which block ttie activity of transcription fectors, using cell lines with reporter genes; 2) 
agents which block the interaction of two known proteins In cells, using the absence of 
normal cellular functions, the mammalian two hybrid system or fluorescence 
resonance energy transfer mechanisms for detection; and 3) agents may be klentified 
by tethering a random peptide to a protein binding region to allow interactions with 
molecules sterically ctose, i.e. within a s^nailing pathway, to tocalize the effects to a 
functional area of interest 
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The following examples serve to moiB fuUy describe the manner of using the atxyve* 
described Inventioni as well as to set forth the best modes contemplated for carrying 
out various aspects of the invention. It is understood that th(3se examples In no way 
serve to limit the true scope of this invention, but rather are presented for illustrative 
5 purposes. All rsferences cited herein are inoorporated by reference In their entirety. 

EXAMPLES 

Example 1 
Proof of concept experiments 

A number of systems were used to prove that the retrovirel constructs outlined herein 
10 were able to result In a selectable phenotype. 

Bci2 and CPP32 Pfptection frpm apoptosfe 

it Is known that Bct2 and the CPP32 peptide is able to inhibit apoptosis induced by 
tumor necrosis factor and cydoheximide. 

Apotefl assay? TUNEL /TdT-medlated dmP4\uoK9cs)n nick end label?ni^> Boehrir^^ 

15 Mgnnhtf m Kit catalpg no. ■168795 

3T3.cells transiently Infected with either MFGLacZ. BCL2, or CPP322 plasmlds were 
grown to 50% confluence at the time of induction with hTNPa (50 ng/ml media) and 
cydoheximide (100 mg/ml media) for 6 hours. Cells were washed at 6 hours and 
hanrested at 24 hours after Induction. Cells were harvested by pooling all media from 

2 0 cells (in order to collect any apoptotic. floating cells) with the washings and trypsinized 
cells. The cells were spun and washed with PBS containing 1% BSA, transferred to an 
eppendorf tube and the wash repeated once. 

Cells were fixed In 4% parefbrmaldehyde at naom temperature for 30 minutes, washed 
in PBS/BSA, then resuspended in permeabillsation buffer for 2 minutes on ice. After 
25 permeabillsation. cells were washed twice in PBS/BSA and incubated at 37*C fori 
hour wH^ . labeling buffer containing fluorescelnated dUTP. unlabeled nucleotide 
mixture and terminal deoxynudeotidyl transferase (TdT). Cells were washed twice 
with PBS^BSA, resuspended in PBS/B8A and transferred to a FACS tube for an^ 
Samples were also visualized under the fluorescence microscope. The results showed 
that expression of Bd2 or the CPP32 peptide in 3T3 cells from an MSCV retrovliai 
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promoter in vivo was able to Inhibit apoptosis Induced by tumor necrosis factor and 
cycloheximlde. 

Pmptdlum todidQ stainln<y of fixed celte to assay far apootoals: (Sherwood and 
Sehlmkii: Methods In Cell Biology. 46:77^7. 1^95) 3T3 cells iranalenMy infaetad with 
5 MFGLacZ. Bcl2, or CPP32 were plated and treated with TNF/CXH as described 
above, and han/ested and washed as above. Cells were then resuspended in 70% 
ethanol in PBS at 4oC and kept at 4qG overnight When ready to FACS, ceils were 
stained with propUium Iodide as follows. Celts were spun at 14»000 RPM for 10 
seconds and washed once with PBS/BSA. Cells were then resuspended in 50 ml 

10 staining solution (PBS with 50 mg/ml RNase A (ONase-free) with 10 mg/ml propidium 
fodide) and incubated at d/'C for at teast 1 hour. Ceils were then pelleted and 
resuspended in PBS/BSA solution containing 10 mg/ml propidium iodide and analyzed 
by FACS scanning.The results showed that expression of BCL2 or CPP32 peptide in 
3T3 ceils was able to inhibit apoptosis induced by tumor necrosis factor and 

15 cycloheximlde as measure by PI staining of cells, extending our previous results. 

Ethldium Bromide/Acridlna Qranae Staining of BAF3 Cells to Studv Cell l\/lorDholoQv: 
BAF3 cells were infected with WZL IRES NEO retrovirel vectors containing no insert ' 
(WIN) or ONA coding fbr UcZ (ZIN), 6cl2 (BIN), CPP32 peptide (CIN). or scrambled 
peptide control (PIN). CeHs were selected in (9418 after infection with above retroviral 

2 0 vectors and survivore were stimulated with 5 mg/ml FAS antibody. After stimulation, 
cells were stained with ethidhim bionrtide and acrldirie orange (2 mg/mi each) and 
visualized under the fluorescence microscope using the ultraviolet filter. 250 cells 
were counted and the percent of cells which were apoptotic were calculated. Similar to 
results obtained in 3T3 cells stimu^ted with tNF/CXH, the CPP32 encoding vedore 

25 are able to inhibit FAS induced apoptosis. The peptide control also had an effect in 
^is syBtm approximately half of that seen with BCI^ or the CPP32 peptide. 

Enzvmatie Assay of CPP32 acHvfty: C PPa2 Assay Kit Clontech CPP32 Colorimetric 
Assay lot (Cat No. K2027-2): 3T3 cells were infected with the vectors described in 
Part I, section C, and selected in G41S media prior to aMsay. 6-well plates of 373 ceils 
30 at near confluence were stimulated with TNF/CXH as described at>ove and harvested 
at 30 min, 1, 2 and 4 houra after stimulation as follows. Celts were trypsinized and . 
collected as described above. After transfering to an eppendorf tube, cells were spun 
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and resuspended In 50 ml chilled Cell Lysis Buffer. Cells were incubated for 10 
minutes on Ice, then 50 ml of 2X Reaction Buffer containing DTI was added to each 
tube. 5 ml of the colorimetric conjugated substrate (OEVD-paianUndanilide, 50 mM 
final concentration) was added to each tube and Incubated at 37*0 for 30 minutes. 
Samples were transferred to a 96 well plate and read on a spectrophotometer at 0.0. 
of 405. The results showed that cell extracts from WIN cells have increased CPP32 
enzyme actlvi^ at 2 hours as measured by cleavage of OEVD-pNA substrate to its 
colorometrically detectable fonn pNA. By 4 hours, cells have begun to die and the 
activity is decreased, in cells containing BCLJ2 or the CPP32 peptide Inhibitor, this rise 
in activity is not seen. In the case of BCL2. it should be due to inhibition of apoptosis 
upstream of the enzyme. VVIth CPP32 inhibitor peptide, it should be due to direct 
inhibition of enzymatic activity. These in vitro results are consistent with the results 
seen in ce» death assays described akKive. 

Localization studies using PKC Inhibitor 

Murine 10T1/2 Clone 6 cells were stimulated with PMA which is known to cause 
translocation of PKC fifom the cytoplasm to the nucleus. This translocation is thought 
to be mediated through binding to a protein at the site of action, termed a RAC 
(receptor for activated protein Idnase C) protein. Uninfected clone 8 cells were 
compared to cells infected with pBabe puro retroviral constructs containing sequences 
coding for either Flu-epitope (MGGGYPYOVPDYAGSLZ) tagged scrambled peptide 
control or inhibitor peptide (GKQKTiCTIKGPP) which is identical to the C2 region of all 
the PKC isozynies. We then assayed the cells by immunohistochemistry using an 
antibody specific for PKCa and visualized with a secondary antibody conjugated to 
horseradish peroxidase. 

This experiment was doro at two diffsrent cell densities as follows: 

1. Cells were plated at 2,000 cells/cm^ onto 22 mm square polylysine coated 
ooverslips and allowed to grow fDr2 days. On 3^, ceUs were neariy confluent Cells 
were repfated at a lower density and assayed with identical conditiohs on 3/27. 

2. PMA was added at lO'^M to the media for 30 minutes at 37^C. 

3. Cells were rinsed with SCB buffer (physiologic buffer prewarrnedt^ ST^C before 
use) and then placed into 3.7% glutaraldehyde in SCB buffer for 20 minutes at 37%. 

4. Cells were then washed in SCB buffer then incubated with SCBT (SCB containing 
0.1% Triton X-100) for 10 minutes at room temperature. 
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S.CoversHps were removed from the 6-well plate and dip washed Irt 0.1% tween/PBS 
at room temperature and placed onto parafilm in a covered container. 
e.CoversTips were incubated with 1 .5% goat blocking serum in PBS with agitation in a 
humklified enVironnmt at room temperature. 
5 resolutions wen» aspirated off the GoversKp and coversilps were then washed wit^ 
PBS. Primary anti-PKCa antibody was placed onto coverslips and incubated for 30 
minutes at room temperature as above. A 1:500 dilution of anitbody was used in all 
experiments. 

8. Coverslips were then washed with PBS three times and then incubated for 30 

1 0 minutes at room temperature with biotln-conjugated second step antibody as provided 
in Santa Cruz ABC tmmunoStain Sytems Kit Coverslips were then washed three 
times with PBS. 

9. Coverslips were then incubated In avidin biotin enzyme reagent (as supplied with Icit) 
for 30 minutes at room temperature. Coverslips were then washed for 10 minutes in 

15 PBS after being placed back into &-well plates. 

10. Coverslips were rinsed with 0.5% Triton X«100^PBS for 30 seconds and incubated 
In DAB solution for 5 minutes. Reactkxi was stopped by addition of disQIled water to 
wen. 

1 1 . Coverslips were then dehydrated through alcohols and xylene and mounted onto 

2 0 siteles with Permount and visualised and photographed by light microscopy. 

The result showed that bask:ally, control ckme 8 cells showed predominantty 
cytoplasmic and perinuclear staining, while PMA induced ceils consistantly showed 
transk)cation to the nucleus. Cells infected with constnjcts coding for the scrambled 
peptide showed similar staining. Cells infected with constructs coding for peptides 
25 identical to the C2 region of PKC showed predominantty cytoplasmic and perinuclear 
staining in both control and PMA induced cells suggesting that this peptWe is able to 
specificatly inhibit translocatk)n of activated PKCa to its RAC protein upon stimulation 
of the cells PMA. It is also possible usirigsimUariy infected cells to see the 
downstream results of peptkJe expression upon gene activity. Cells were infected with 

3 0 retroviruses expressing ^ther the PKCb2.1, PKC2.1 peptkie, a dominant negative ras 

protein control, combinations of these viruses, or no virus at all. CeUs were stimulated 
with PMA at 100 ng/ml, P06F-AA, or PDGF-BB. mRNA was prepared and northern 
blots were performed for fos gene expression (induced by PKC activatk>n) or the 
ribosomal protein PO, a loading control mRNA whose expression is. not known to be 
3 5 acted upon by signaling systems induced by PKC. The PKC peptides can martcedty 
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reduce expression of the fos gene mRNA. Indeed, an unexpected result was that 
under certain conditions there is activatfon of the mRNA expression. This latter results 
confinns that novei outcomes can occur upon expression of peptides within cells. 

Example 2 

5 pBatmPuro Retroviral Libraries and Apoptosis 

A series of retroviral constnicts have t)een designed for expression of randomized and 
biased peptides within target cell populations. The peptide is expressed from a 
retrovirai promoter. The translation unit has severalimportant components. Glycine 
following the initiator methionine at the amino tenninus stabilizes the peptUe and 

10 enhances cytoplasmic half-life, according to Varshavslc/s N*End Rule. In some 
constructs, a nine amino acid flu epitope tag has been incorporated to permit 
co-predpitatlon of the rare peptide and any molecule to whi^ it has affinity, by using 
nf)onpclonal antibodies to the epitope. Glycines are encoded before and after the 
random/biased expression product encoding regions to provide sonie molecular 

15 flexibility. Two carf)oxyt-temiinal prolines are encoded to confsr stability to 
carboi^peptidase. 

For constmction of a large library two primers were made (schematized in Figure 1 ). 
The first, designated the random peptide primer, consists of 1) a complementary 
region for vector priming, 2) the regions mentioned above, and 3) a random or biased 

20 expression product region, were presented as a 30 base sequence encoding a peptide 
of length 10 amino adds. In addition^ we have inserted a stop codon in all three 
reading frames in case of minor deietbns or insertions in the random region. The 
design of tite primer ensures a glycine/proline tenTiinationm most reading 1)^^ The 
second primer is downstream in the vector and primes a region of the plasmid that 

25 contains a unique Not I site. These primers are used to create a library of fragments, 
each containing a different nucleotide sequence that each potentially encodes a 
different peptide. These families of fragments are iigated to vector fragments 
containing puromydn selection sequence, a 31TR, and a bacterial origin of replication. 
The ligation products are then electnsporated into E coli and DNA is prepared from the 

3 0 resulting library. Using ttiis technique, we have constructed independent random 
libraries with up to 2 x 10^ unique Inserts. Sequenchg multiple Individual Inserts 
demonstrates Uiey have tiie structure as defined by Primer 1, and the peptides 
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encoded are random. Such libraries thus made contain subsets of the total 10^' 
predicted peptides. 

Generation of Retroviral Peptide Libraries. 

A scheme for generating a peptide library in the pBabe Puro vector is shown in Figure 
5 2. Primers for PGR were synthesized, purified and deprotected according to standard 
protocols. Primer 1, oonr^lementary to poly linker sequences In the pBabe Puro 
retroviral construct, has the sequence 5* GOT TAG CAA GAT CTC TAG GGT GGA 
CCK NNK NNK NNK NNK NNK NNK NNK NNK NNK NNC CGC ACT CCC ATG GTC 
CTA GGT ACC ACG AGA GTG GG 3*. N represents any of the four bases; K is limited 

10 to G or T. Primer2 has the sequence 5* GGT TAG GAA GAT GTG TC^f GTG AGT 
TAG GGT GTG G 3* and is complementary to sequences within the pUG18 origin of 
replication. PGR was cam*ed out for 8 rounds using primer 1, primer 2, Babe Puro as 
template, and a mixture of Taq DNA Polymerase (Promega) and Deep Vent DMA 
Polymerase (New England Biolabs) in a ratio of 128 Taq: 1 Deep Vent as described in 

15 Barnes (1 994) Proc: Natl Acad. Sd. USA 91 , pp. 2216-2220. The amplified PGR 
product was purified, digested with restriction enzymes Bgl II and Not I (Promega), 
purified again and iigated with the corresponding Bam Hl-Not I fragment of pBabe 
Puro. After transfomiation the resulting library contained -'2x10" clones, greater than 
80% of which contained Inserts. 

20 dMSCV-PC and pBabeMN-PC rBtroviral eonstnict libraries: 

Oligonucleotides were synthesized and purified according to standani protocols. The 
"library" oligonucleotides have the sequence 5' GTG GAG AAG GAG GAG GAT GGG 
C (NNK)IO GGG GGG GGT TAA AGG ATT AAAT 3* or 5* GTG GAG AAG GAG GAG 
GAT GGG GNN KNN KNN KGG TGG GNN KGG TNN KNN KGG GGG GGG TTA AAG 

25 GAT TAA AT 3*. A third ofigonucleotide("constanr), complementary to the 3' ends of 
the library oligonucleotides, has the sequence 5TGA TGG ATG CAA TTT AAT GG|T 
TTA AG 3*. As shown in Fig. 3, each library oligonucleotide is annealed to the 
constant oligonucleotide, converted to double stranded DNA with Sequenase (United 
States Biochemical) or Klenow (Promega). digested with restriction enzyme Bst XI 

3 0 (New England Blolabs), and purified and Iigated with the appropriate Bst }(l-digested 
retroviral construct Transformation efficiencies are " 2 x 10* clones per microgram of 
Iigated DNA, greater than 90% of which contain an insert A representative retrovirus, 
is shown In Fig. 4; see also, nstroviral nucleotide sequence below: 
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Retrovirai vector with presentation constfiict. 

TGAAAGACCCCACCTGTAGGmGGCMGCTAGCTTMGTAACGCCAT^ 
GGCATGGAAAATACATMCTGAGAATAQAGMGTTCAGATCW^GGnA^ 
AGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGGGC 
5 C(^CrrCAGGGCCAAGMCAGATGGTCCCCAGATGCGGTCCCGCCCT 

nCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAATGACCCT 
GTGCCrnAmGAACTMCCAATCAGnCGCn^ 

GCTCGCCGAGCTCAATAAAAGAGGCCAGAACCCCTCACTCGGCGCGCCAGTCCT 
CCGATAGACTGCGTCGCCCGGGTACCCGTATTCCCAATAAAGCCTCTTGCTGTTr 

10 GCATCCGAATCGTGGACTCGCTGATCCTTGGGAGGGTCTCCTCAGATTGATTGA 
CTGCCCACCTCGGGGGTCTTTCAmGGAGGmCACCGAGArnrGGAGACCCC 
TGCGTAGGGACCACCGAGCCCCCCGCCGGGAGGTAAGCTGGGCAGGGGTCGTr 
TCCTGTCTGTCTCTGTCTnGTGCGTGTrTGTGCCGGCATCTAATGTrTGCGCCT / 
GCGTCTGTACTAGTTAGCTAAGTAGCTCTGTATCTGGGGGACCCGTGGTGGAACT 

15 GACGAGTTCTGAAGACCCGGCCGCAACCCTGGGAGACGTCCCAGGGACTrTGG 
GGGCCG i 1 1 i IG TQGCCCGACCTGAGGAAGGGAGTCGATGTGGAATCCGACCC 
CGTCAGGATATGTGGTTCTGGTAGGAGACGAGAACCTAAAACAQTTCCCGCCTC 
CGTCTGAATTmGCTnCGGTTTGGAACCGAAGCCGCGCGTCnGTCTGCTGCA 
GCGCTGCAGCATCGnCTGTGnCTCTCTGtCTGACTGTGmCTGTAm 

20 AAAAnAGGGCCAGACTGmCCACTCCCTTAAGmGACCmGGTCACTGGAA 
AGATGTCGAGGGGATGGCTCACAACCAGTCGGTAGATGTCAAGAAGAGACQTTG 
GGmCCTTaTGCTCTGCAGAATGGCCAACCrrTAACGTCGGATG^ 
CGGCACCmAACCGAGACCTCATCACCCAGGnAAGATCAAGGTCTTTTCACCT 
GGCCCGCATGGACACCC^GACCAGGTCCCCTACATCGTGACCTGGGAAGCCTTC 

25 GCTmGACCCCCCTCCCTGGGTCAAGCCCTrTGTACACCCTAAGCCTCCGGCTC 
CTCTTGCTCCATCCGCCCCGTCTGTCCCCCTTGAACCTCCTCGTTCGACCCCGCC 
TCGATCCTCCCTTrATCCAGCGCTCAGTCCTTCTCTAGGCGCCGGAATTCCAGGA 
CCATGGGGGGGGGGGGTTAAACCATTAAATTGGTAAAATAAAGGATGCGTCGAGG 
TGCAGCCAAGCTTATCGATAAAATAAAAGATmAnTAGTCTCCAQAAAAAGGGG 

3 0 GGAATGAAAGACCCCACCTGTAGGmGGCAAGCTAGCtTAAGTAACGCCATm 
GCAAGGCATGGAAAATACATAACTGAGAATAGAGAAQTTGAGATCAAGGTTAGGA 
ACAGAGAGACAGCAGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCT 
GCGGCGGCTCAGG6CCAAGAACAQATGGTCCCCAGATGCGGTGCCGCCCTCAG 
CAGmCTAGAGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAAATGA 

35 CCCTGTGCCmTTTGAACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCG 
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CTTCTGCTCCCCGAGCTCAATAAAAGAGCCCACAACCCCTCACTCGGCGCGCCA 
GTCCTCCGATAGACTGCGTCGCGCGGGTACCGGTGTATCCAATAAACCCTCTTG 
CAGTTGCATCCGACTTGTGGTCTCGCTGTTCCTTGGGAGGGTCrrCCTCTGA^ 
ATTGACTACCCGTCAGCGGGGGTCmCATTCGTAATCATGGTGATAGCTGTTTC 
5 CTGTGTGAAATTGmTCCGCrr(^CAATTCCACACAACATACQAGCCG^ 

AAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGGTAACTCACATTAA7TGCGTTG 
CGCTCACTGCCCGCmCCAGTCGGGAAACCTGTCGTGCCAGCTGC^^ 
ATCGGCCAAGGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTC 
CTC6CTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAG 

1 0 CTCACTCAAAGGCGGTAATACGG7TATCCACAGAATCAGGGQATAACGCAGGAAA 
GAACATGTGAGGAAAAGGCCAGCAAAAGGCCAGQAACCGTAAAAAGGCCGCGIT 
GCTGGCG i 1 1 1 I CCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACG 
CTCAAGTCAGAGGTGGCGAAACCCGACAGGACnATAAAGATACCAGGGGTTTCC 
CCCTGGAAGCTCCCTCGTGCGCTCTCdTGTrCCGACCCTGCCGC^^ 

1 5 CCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTrTCTGATAGCTCACGGTGT 
AGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAA 
CCCCCGG7TCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTC7TGAGTCC 
AACCCGGTAAGAGACGACTTATCGCGACTGGCAGCAGCCACTGGTAACAGGATT 
AGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAAC 

20 TACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTA 
CCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAG 
CGGTGGTTTTmGmGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAA 
GAAGATCCmGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCAC 
GTTAAGQGATmGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTnTA 

2 5 AATTAAAAATGAAGTmAAATCAATXrf AAAGTATATAT<^ 

AGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATnCGTTC 
ATCCATAGTTGCCTGACTCCCCGT(X3TGTA6ATAACTACGATACGGGAGGGCTTA 
CCATCTGGCCCCAGtiSCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCA 
GATTrATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGGAGAAGTGGTCGT 

3 0 GCAACTTTATCCGCCTCCATCCAGTCTATTAATrGTrGCCGGGAAGCTAGAGTAA 

GTAGTOGCCAGTrAATAQTTTGCGCAACGTTGTTGCCAnGCTAOAGGCATCGT 
GGTGTCACGCTCGTCGmGGTATOGCTTCATTCAGCTCCGGTTCCCAACGATCA 
AGGCGAGmCATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTC 
CTCCGATCGTT6TCAGAAGTAAGTT6gCCGGAGTGTTATCACTCATGGTTATGGC 
35 AGCACTGCATAATTCTCnACTGTCATGCCATCCGTAAGATGCTnrCTGTGACTG 
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GTGAGTACTCAACCAAGTCAnCTGAGAATAGTGTATOCGGCGACCGAGTTGCTC 

TTGCCCGGCteTCAATACGGGATAATACCQCGCCACATAGCAGAACmA^ 

CTCATCAnGGAAAACGncnCGGGGCGAAAACTCTCAAGGATCTTACCGCTGT 

TQAGATCCAGnCGATGTAACCCACTCGTGCACCCy^C^ 

ACmCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAA 

AGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTOTCCTTmCAAT^^ 

TATTGAAQCAmATCAGGGmTTGTCTCATGAG 

TTAGAAAAATAAACAMTAGGGGnCCGCGGACAmCCCCGAAM 

GACGTCTAA6AAAC(^mmTCATGACATTAACCTATAA^^ 

GAGGCCCmCGTCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACAT 

GCAGCTCCCGGAGACGGTCACAGCnGTCTGTAAGCQGATGCCGGGAGCAG^^ 

AAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCTGGCTr/^ 

TATGCGGCATCAGAGCAGATTGTACTGAGAGTGGACCATATGCGGTGTGAAATAC 

CGCXf^CAGATGCGTAAGGAGAAAATACCGCATCAGGCGCCAnCGCCATTCAGGC 

TGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATrACGCCAGC 

TGGCGAAAGGGGGATGTGCTGCAAGGCGAnAAGTTGGGTAACGCCAGGGTTTT 

CCCAGTCACGACGTTGTAAAACOACGGCCAGTGCCACGCTCTCC^ 

TCCTGCAmGGAAGCAGCXCAGTAGTAGGTtGAGGC^GTTGAGCACCGCCGCC 

GCAAGGAATGGTGCATGCAAGGAGATGGCGCX:CAACAGTCCCCCGG^ 

GCCTGCCACCATACCCACGCCGAAACAAGCGCTCATGAGCCCGAAGTGGCGAG 

GCCGATCnCCOI^TCGGTGATGTaSGCGATATAGGCGCCAGCAACCGC^^ 

TGGCGCCGGTGATGCCGGCCACGATGCKSTCCGGCGTAGAG 

PgptMft UbraiY Infection gf a Fagtoriiependgnt lln» and QutorcYrth of an 

ADOPtosls-Resistant Line. 

The Ba(/3 oeU line i$ an iL-3 dependent cell that undergoes rapid apoptosis in the 
absence af IL-3. Thus it nnakes an attractive oeH line for dominant effector peptides. 
Ceils expressing a peptide that iniiibits apoptosis are readily selected against the 
badcground of dying cells. We chose this ceil line as a nnodel for demonstrating . 
peptide selection. 

A retroviral library containing 5x10* independent peptide inserts was transfiected into 
60SC23 cells and converted into retrovirus with an approximate titer of 5 x 10' per mi. 
Twelve ml of viral supernatant was used to infect 6 x 10* Baf/BoeUs (2 ml per infection, 
of 1 X 10* ceils in independent infections}. Ceils were grown for 3 days after infection 
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in the presence of 1L"3 to allow retn»M integration and pepMee^ After 
three days (L-3 was withdrawn and the cells allowed to grow for two weeks. After two 
weeks, one weN of six had outgrowth of ceils that survive in the absence of IL-3, 
indicating the presence of an apoptosls^nhibiting peptide. Peptkles derived in this 
5 manner may effect the IL*3 independence by positive dominancy (Le., mimic or 
drcuntvent the posithre regulatory role of lL-3) or by inhibltton prevent the 
apoptosis process upon IL-3 withdrawal). 

Example 3 

pIMSCVpc Vector Construction and Apoptosis 

10 The retroviral vector pMSCVpc prepared by cloning an insert containing 

sequences encoding a Kozak tnanstation initiation sequence. BstXI sites for cloning 
iibrary inserts, Nrui and Xhoi sites and stop codons in all three reading frames, into the 
EcoRl and BamHl sites of pMSCV neo. 

B8tX I Restrigfion Pigestlon 

15 200 Mg pMSCVpc vector DMA was combined with 40 pt 10X NEBuffer 3 and 

30 pi BstX 1(10 units/pi) In a total volume of 400 pi- The sample was Incubated 
overnight at 55 ^'C, phend extracted, and digested with Xhol. and purified on a 
potassium acetate step gnvJient using 10, 15. 20 and 25% solutions of potassium 
acetate. The DNAwas precipitated, with a recovery of 40%. 

20 Library Insfirt Prepgraagn 
QltePWIwUdg SynthwB 

Origonudeotkles (OL) with the fbiiowing sequences were synthesized: 
OL-1: 5'-CT6 6AQ AAC CA6 GAC CAT GGG CAA GAG AAA GGG CGA TGA GGT 
GGA TGG AGT GGG GCC CCC TT A AAC CAT TAA AT -3' 
25 The underlined region encodes a peptide wHh the sequence M6KRKG0EVDGV6PP. 
This peptide was shown to inhibit Fas-mediated and Staurosporin induced apoptosis 
when expressed in cells with a retrovirus. . 
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OL-2: 5'-CTG 6A6 AAC CA6 6AC CAT G6G CAA GAG AAA i3GG CNN KNN KNN 
KGA KNN KGT GGG GCC CCC TTA AAC CAT TAA AT ^' 
Variable region: N » A.C.G J (equimolar) K = GJ (equimolar ) 
Limiting the K position of each codon to G or T reduces stop codon generation and 
5 codon usage bias. The underlined region encodes a randomized peptide with the 
sequence MGKRKGXXXO/EXVGPR 

OL-3: S'-TCA TGC ATC CAA TIT AAT GGT TTA AG-3' 

The 15 3'-ba$es of OL-3 are complementary to the 15 3*-bases of 0L*1 and 0L«1 

OL-1 and OL-2 were synthesized at IpM scale, whOe OL-3 was synthesized at 
10 . standard 40nM scale. All of the oligos were synthesized with trityi-on.deprotected and 
purified on OPC columns according to the manufacturer's directions (Applied 
Biosystems). Each otigo was resuspended in 200mI 10ml\4 Tris pH 8.5 without EDTA. 
The DNA concentration was detennined by measuring the absorbance at 260 nm, 

PCR was done with 50 pmole of either OL-1 or OL-2 and 50 pmole of OL-3. Phenol 
15 extraction and ethanoi precipitation was done, and the resulting DNA was run on a 
10% nondenaturing 10% acryiamide gel, with ethidium bromide staining. 

The samples were quanStated, llgated, precipitated and electroporated into 
eiectrocompetent TOP10P E. Coli (invitrogen) using standard techniques (see Current 
Protocols in Molecular Biology, section 1.8.4). A test transformation yielded 5 x 10' 

2 0 transformants per pg of pUC DNA. After transformation, the transformatbn efficiency 

was determined by plating dilutions onto LB-amp plates (100 pg/ml ampiciDin) and 
counting sufviving colonies. For the library hsert generated from OL-2, a 4:1 
insertvector molar ratkm in the ligation gave a tnansfbrmation efRciency of 3.98 x 10' 
transfbnnants per pg vector DNA used in the ligation, with a large scale transformation 
25 efficiency of4.8X 10' trensformants per ug vector. The vector akme ligation 

generated 40 fold fewer transfiomianls. 10 colonies from the transfonnatlon with the 
OL-1 insert ligation were piclced, cultured and the DNA prepared and sequenced to 
Identic the correct clone. 

The remainder of the OL-2 Bbrary SOC/trensfomnation mbdure was inoculated into 

3 0 5000 LB-amp (100 pg/ml ampiciliin) and incubated at 37 % with shaldng (300 rpm). 
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The AbSeoo of the library culture was monitored. When the culture reached an Abs^o of 
0.8 (approxfrnatefy five hours). 100 pi were removed, pelleted, resuspended in lOnd 
lB/15% giycerol and stored {n 1 ml aliquots at -80 % (An Ak)Seoo of 0.6 equals a cell 
concentration of approximately 10* cells per ml Therefore, fbr a library of 4.8 x 10', 
5 each frozen altquot will contain 200 library equfvalents). 

Analysis tflibraTYdlvyraitY 

Surviving colonies plated above were screened by PGR with primers flanking the 
degenerate region to determine the fraction of dones which contained insert (>90%). 6 
insert-containing clones were picked and the nucleotide sequences of the degenerate 
10 and flanking non-d^enerate regions determined. Each nucleotide was represented in 
the N positionis with approximately 25% frequency, while G or T (but not A or Cj was 
represented in the K positions with approximately 50% frequency. The frequency of 
stop codons generated in the degenenite regton can be determined bf this method as 
wen. 

15 Generation of library retrovims and infection of Jurkat cells. 

DAY 0; Preparatkm of Phoenix Retrovirus Producer cells fbr Transfecbon: 
18-24 hours prior to transfiection. Phoenix cells were evenly plated at 1.5-2 million 
cells per 60 mm plate in Producer cdl growth media (DMEM: 10% PCS, 1% Penicillin- 
Streptomycin, 1% Glutamlne). Ceils were aikmed to attach for 20 hours on the plates. 

2 0 DAY 1 : Transient transfiection: The highest transfiection frequencies are obtained with 
Phoenix cells that are 70-80% confluent at the time of transfection. The DMA in HBS 
(2XHBS » 8.0 Gf NaCI, 6.5 g HEPES, 10 ml Na^P04 stock (5.25 g dibasic in 500 ml 
water), adjusted to pH 7, to a final volume of 500 mis, with a final pH adjustment to 7) 
was prepared for application to the Phoenix cells. About 5 minutes prfor to 

2 5 transfection, chtoroquine (Sigma) was added to each plate to 25 uM (chk>roquln8 stock 
ls50mMinddH2O;f6r3mLmedia'» 1 ml DNA, add 2 pi). To a 15 ml conical tube, 
the following were added (per 6 cm plate, 5 plates total, with all reagents at room 
temperature): 

5 ug Ubraiy DMA (DNA was added In a drop to skie of tube) 
30 1 ug pMSC Vpc iacZ virus vector 

438 u1 dd H20 (the DNA was washed to the bottom of tube with water). 
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61 ul 2M CaCIs (Mallinkrodt, catalog # 4160; make up in water, sterile filter and store 
tighfiy capped at 4*C. 
500 ul Totai volume. 

Samples were mixed thoroughly with finger tapping. Transfsctions with 6 ug pMSCVpc 
5 lac Z and with the OL-1 vector DNA were carried out for use as negative and positive 
controis, respectivel/.b.5mL 2xHBS was added to each tube qutcldy; the solution was 
bubbled vigorously with the automatic pipettor by keeping the eject button depressed) 
for 10 sec (the actual length of bubbling time depends on each batch of 2xH6$). The 
HBS/DNA so)utk>n was dispersed drqpwlse and evenly onto the media In each Phoenix 

1 0 cell plate dropwise (gently and quickly). The plates were observed under a 

nticroscope; evenly distributed very small black particles of precipitated DNA (like 
pepper) were visible. The plates were placed in a 37 oC incubator and rocked foiward 
and backward a few times to evenly distribute the DNA/CaP04 particles. 6-8 hours 
post-transfection, the media was changed to 3 ml fresh DMEM. 10% FC8. Prior to the 

15 media change, the DNA precipitate was larger and more clearly visible under the 
mtoroscope. 

DAY Z Second media change. 

24 hours post-transfection, the media was changed again to 3 ml fresh DMEM, 10% 
PCS. The cells were placed at 32*C (the virus is mora stable if incubation is carried 
20 out at 32*C, although 37*Cls fine). 

DAY 3: Transduction of Juricat EcoR cells. 

A sterile Acrodisc 0.45 micron syringe fitter (Qelman Sciences) was attached to the 
end of a 10 ml sterile syringe and the injectkm stopper sterilly removed from the 
syringe barrel At 48 hours post-transfBCtkNi, the vims supernatant was renuyved fix)m 

25 the Phoenbc cells and added to the syringe banrei. The stopper was replaced and the 
virus supernatant was ejected dropwise into a dean, sterile conical tube. The Phoenbc 
ceil plates were set aside for X*6al staining (see below). Polybrene was added to each 
viral supernatant (S^ma; 2.5 mg/mt in ddH20 » 500X; store at -20 oC) to a final 
concentration of 5 n)g/ml. 4.5 x 10^ Juricat EcoR cells (Juricat cells stably expressing 

30 the ecotropic retrovirus receptor) were pelleted for 1400 rpm for five min and 

resuspended In 9 nnis of the OL-2 Rbrary vinjs supernatant The cells were distributed 
in aliquots of 1 ml, or 5 x lO' cells, Into the wells of a 24 well plate. 1.5 x 10* Juricat . 
EcoR cells were sin^tariy treated with 3mls each of the lacZ viral supernatant and the 
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OL-1 viral supernatant Each cell plate was wrapped in parafilnv placed in a mlcroplate 
carrier (DuPont) and centrrfiiged at 2500 rpm for 90 min at 32*^0 in a OuPonVSorvaQ 
RT 6000B table top centrifuge. After centrifugation, the cells were observed under a 
microscope. The presence of large Irregularty-shaped bodies representing fused 
5 Jurkats (each as large as 5-10 unfused cells) suggested successful infection. The 
parafilm was removed from the plates, which were placed at 32*C. After an additional 
16 hours at 32*C, the cells were loosened from the bottom of each well with gentle 
trituration and added to a 15 ml conical tube. The tubes were centrifuged at 1400 rpm 
tor five min to the pellet the cetis. The cells were resuspended In 5 mis tiresh 

10 RPMM0% PCS for every three wells of cells and added to a 60 mm plate (3 wells of 
cells per plate). 1 ml fresh RPMI, 10% PCS was added to each wen of cells remaining 
in the 24 well plates. Plates were kept at 37*C for 72 hours* at which time the cells 
transduced each vims were combined and an aliquot JurKat cells stained with X* 
GaL Unused viral supernatant was stored at •dO'C for future transduction, although the 

15 titer drops by one-half for each freete-thaw cycle. 

PtfenDlnation of transfectlon gffiglgncY. 

Both tranfected Phoenix cells and transduced Jurkat cells were stained with X-Gal to 
gauge the transfedion and transductoi effidenctes. The purpose of co-transfecting 
the pMSCVpc lacZ virus vector with thei library virus vector, as described above, was 
to pennit an indirect assessment of the efficiencies of transfedion and 
transdudion.Preparation of solutk3ns: fixathre: PBS/0.10% Gtutaraldehyde. 
Glutaraldehyde stock (Sigma cat # GS682) is a 25% solutk)n, or 250X; stock staining 
solutions: i) 300mM/25X femx^anate sblutkm: 25.3 g IC4Pe(CN)6.3H20 (Mallinckrodt) 

2.48 g MgCQ (Sigma) in 200 ml H20; store at 4'C; ii. 300mM/25X fenicyanate 
solutbn: 19.75 g K3Pe(CN)6 (Sigma) 2.48 g MgC12 in 200 ml H20; store at 4^ IH. 
XGal (Molecular Probes) is made up as a 40mg/mi solution In OMF; store at -20*0 in 
the dark; iv. IX ferrofferricyanate sdution; add 4 mi 300mM/25x fenrocyanate solution 
and 4 mi 300mM/25X ferricyanate sdution to 196 ml PBS; store at 4*C for up to one 
month; v. active staining sdution: each time cells are to be stained. 100 pi 40mg/ml X- 
Gal Is added to each 3 ml IX femi/fbnlcyanate solutton; washing soluttom PBS for 
Phoenix and other adherent cells; 1 % PCS In PBS for Jurkat and other nonadherent 
cells. 
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The media was removed from the 60 mm plates of Phoenix cells or 5 x 10^ Jurkat 
cells were pelleted in a 15 ml conical tube at 1400 rpm for five min. 2 ml of fixative 
were added to each 60 mm plate of Phoenix cells or Jurkat cells were resuspended in 
1 ml fixative. Cells were left in fbcative for 2 min. For Phoenix cells, fixative was poured 
off and the ceils were washed three times with PBS (first two washes were quick; for 
third wash, the PBS was left on the cells for 3 min). For Jurkat cells, the fixative was 
quenched by adding 5-10 ml PBS/1% FCS to each conical tube, inverting each tube 
five times and pelletihg as befbre.3 mi of active staining solution were layered onto 
each 60 mm plate of Phoenix ceils or each cell pellet of 5 x 10^ Jurkat cells was 
resuspended in 1 ml of active staining solution and placed in a well of a 24 well plate. 
All cells were incubated at 37*C. The cells were observed under a microscope 24 
hours later. The effteiency of transfection of the Phoenix cells was estimated as the 
percentage of blue ceils in a fieU. The efficiency of transductton of the Jurkat cells 
was estimated by counting blue cells in a hemo^tometer. Transfectbn with 5 pg lacZ 
vector produced 50% blue Phoenix cells. Transduction of Jurkats with the resulting 
virus produced 30% blue Jurkat cells. Co*transfectk)n of Ipg lacZ virus vector with 5 
pg library virus vector produced &»10% Uue Phoenix cells. Transduction of Jurkats 
with the resulting virus resulted in 3*10% blue Jurkat cells. 

Sefection of Jurkat cetls with laM ^nthfas. 

Titer IgM anti-Fas: A fresh batch of CH-1 1 1gM antibody to human Fas (Kamiya 
BiomedteBl Company; cat # MC^O)was tested to determine the effectiveness of 
inductton of apoptosis. 5x10^ Jurkat EcpR cells were pelleted at 1500 rpm for five 
min and resuspended in 1 ml RPMI/2.5% FCS plus serial dilutions of CH-1 1 antibody, 
.50 ng/ml. 10 ng/ml, 2.0 ng/ml and 0.5 ng/ml final concentration. Cells in each dilutksn 
of anttbo^ were placed in a well of a24 welt plate at 37*C for 48 hours, at whk:h time 
4 mi acridine orange/ethidium bromkfe (Sigma; 100 pg/ml each In PBS; store In the 
dark at 4*C) was added to 1 00 ml cells on ice. Cells were examined in a 
hemocytometer under a 20 x objective with a fitter combination suitable for reading 
fluorescein. 

2. 100 cells from each sample were counted and the riumber of cells in the following 
groups was recorded: 

1« Ihre cells with norma) nuclei (bright green chromatin with organized structure). 
2.early apoptotic (EA; bright green chromatin that is highly condensed or fragmented). 
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3. late apoptotic (LA; bright orange chromatin that is highly condensed orfragrnented). 

4. necrotic cells (N; bright orange dvomatin with organized structure). 

% apoptotic ceils was calculated as EA -t- LA/total number of ceils counted x 100 
Using 10 ngArnl of the CK-11 antibody, > 95% apoptosis of JurlcatEcoR celis was 
demonstrated. 



loM anti^Fas detection of librarv-exoressinQ Jurkats. 

9.6 X 10" 01^2 ybrary-transduped Jurkat cells were pelleted and resuspended in 96 ml 
RPMI/2.5% FCS 10 r)g/mi CH-11 antibody. Celts were distributed in 1 ml aliquots of 1 
X 10^ cells into each well of four 24 well plates. 4.8 x 10^ lacZ-transduoed Jurkats and 

XO OL-1-transduced Jurlcats were similarty tnsated and each distributed Into the wells of 
two 24 well plates. Plates were placed at 37^C for five days. The plates were checked 
daily for bacterial or yeast contaminatk)n. Cells were removed from any contaminated 
wells and 2 ml ION NaOH was added to the empV welJs to reduce the risk of spread of 
contamination to other wells. Little to no live cells were observed under the microscope 

15 after 2-3 days, confirmed by 0>e red color of the media which had not been depleted of 
any nutrients. Five days after initial IgM anti^as treatment, 1 ml RPMI/20% FCS was 
added to each wen. The cells were left at 37*C for an addlfional 10-14 days. The 
plates were checked frequently for contamination and treated as above. 1 0 days after 
additkm of the RPMV20% FCS, nearly every well of the OL-1-transduced cells 

20 contained live colonies of cells, confirmed by the orange cotor of the nutrient-depleted 
media. The media in ail wells of lacZ*>transduced cells remained red, and little cell 
growth was observed In any of the wells. Selected wells of the OL-2 library-transduced 
cells contained live cells and nutrient-<lepleted media. During the next two weeks, cells 
were removed from all wells In which significant cell growth was occurring, as guaged 

25 by observing the cells directly under the microscope and noonitoring the increasing 
nutrient depletksn of the cell media Ceils firom each well were resuspended In 5 ml 
fresh RPMt/10% FCS and placed in a 60 mm dish at 37 oC for 2-3 days. 

RNA Isolatten 

RNA was isolated from the each survhfing well population of OL-2 library*transduced 
3 0 Jurkat cells (17 wells) , as well from fhfe survhring welt populations of 0L»1* transduced 
celts, using the mR!4A Capture Kit according to the manufecturer's protocol 
(Boehdnger-Mannheim cat #1 787896). Briefly: 
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5x10^ cells from each dish were pelleted at 1400 for five min in an Eppendorf 
tube, washed twice with PBS and resuspended in 200 ml lysis buffer and sheared by 
passing six times through a 21 guage needle attached to a 1 ml syringe. 4 ml 1:20 
dilution of biotinylated oligo(dT)20 was added to each sample and incubated for 3 min 
at sr'C. The mix was removed fnm each tube. Each tube was washisd three times 
with 200 ml of washing buffer. Cells were also stored in 90%FCS/10%DMSO In 1 ml 
aliquots of 1 x 106 cells each in liquid nitrogen. 
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RT PGR rescue of pentide-eneodin? inserts from SBlected cells. 
PCR was carried out using the TitanTM RT-PCR System (Boehrf nger Mannheim cat 
#1 855 Ale), using two primers: 5'pBL primer has the sequence: S'-GAT COT CCC 
TTT ATC CAG-3' and Is cpmplementaiy to nucleotides 1364-1361 of all pMSCVpc- 
based vectors and retrovinjs mRNA, just upstream of the cloned insert 3A primer has 
the sequence $'-CTA CAG GTG GGG TCT TTC-3' and is complementary to a 
sequence in all pMSCVpc-based vectors and retnyvirus mRNA, just downstream of the 
cloned insert 
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Re-cionina rescued peptide-encodinp inserts. 

Each PCR*rescued sample was extracted with phenol chlorotionn, ethanol precipitated 
and resupsended in 25 nd lOmM Tris pH 8.5. 3 ml nondenaturing DMA gel loading dye 
was added to 10 ml of each sample and run on a 10% acrylamide minigel with 
oligonucleotide quantitation standards and a 10 base pair ladder, as described above. 
Each lane contained one prominent band with the expected molecular weight of 216 
base pairs and minor background bands. The molarity of each sample was quantitated 
u^ng NIH Image as before. &ch sample was BstXI restriction digested, phenol 
extracted, ethanol precipitated and resuspended in 25 ml lOmM tris pH 6.5.The 
purified samples were loaded onto 10% acrylamlde gels and quantitated as befbra Ail 
samples contained a pronnlnent band of 55 base pairs, the expected molecular weight 
for the restriction digested insert, as well as bands of 1 00 base pairs and 51 base pairs 
conresponding to each of the ends of the rescued DNA insert removed by the 
restriction enzyme. Each restriction digested, PCR-rescued ^rt was ligated at a 4:1 
insertlvector molar ratio with 100 ng pMSCVpc vector DNA, precipitated and 
electrotransfbrmed as before. Sun/iving colonies for each transformation were PCR 
screened using the 5'pBL and 3A prinriers. 8 to 1 0 insert-containing colonies for each . 
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transformation were cultured overnight, the cuitures were pooied and a single mini- 
DMA preparation carried out for each pool* 

Fas^lected Peptide dorses: AH peptides have the sequence: MET GLY LYS ARG 
LYS GLY XXX XXX XXX D/E XXX VAU GLY PRO PRO. Only the xxx xxx xxx 0/E xxx 
5 amino adds are written above each ONA sequence below/ 

From first library selection well; 

L1B3 INDIVXDXXAL CLONES, FAS -SELECTED. 

THR ALA SER ASP ALA 
L1B3E1 ATG GGC AAG AGA AAG GGC ACG GCG TOT GAT GCT 
10 GTG GGG CCC OCT TAA 

TYR PRO SER ASP VAL 
L1B3E2 ATG GGC AAG AGA AAG GGC TAT CCT TCT GAT GTG 
GTG GGG CCC CCT TAA 

THR PRO SER ASP MET 
15 L1B3E3 ATG GGC AAG AGA AAG GGC ACG CCT TCG GAT ATG 
GTG GGG CCC CCT TAA 

THR ALA SER ASP LEU 
L1B3E6 ATG GGC AAG AGA AAG GGC ACG GCT TCT GAT CTT 
GTG GGG CCC CCT TAA 

20 SER ASP ARG ASP ILE 

L1B3E7 ATG GGC AAG AGA AAG GGC TCT GAT AGG GAT ATT 
GTG GGG CCC CCT TAA 
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From second library selection well; 

L2A5 INDIVIDUAL CLONES, FAS SELECTED, 

TRP LEU LEU GLU PHE 
L2A5A2 ATG GGC AAG AGA AAG GGC TGG TTG CTA GAG TTT 
5 GTG GGG CCC COT TAA 

TRP LEU LEU GLU PHE 
L2A5A3 ATG GGC AAG AGA AAG GGC TGG TTG ATA GAG TTT 
GTG GGG CCC CCT TAA 

TRP LEU LEU GLU PHE 
10 L2ASA6 ATG GGC AAG AGA AAG GGC TGG TTG CTA GAG TTT 
GTG GGG CCC CCT TAA 

TRP LEU LEU GLU PHE 
L2A5A8 ATG GGC AAG AGA AAG GGC TGG TTG CTA GAG TTT 
GTG GGG CCC CCT TAA 

15 SER TYR GLN ASP LEU 

L2A5A9 ATG GGC AAG AGA AAA GGC TCT TAC CAA GAT CTG 
GTG GGG CCC CCT TAA 

Example3 

Staurosporine selection of NIH 3T3 cells transduced with pBabe puro peptide (ibrary 

2 0 A. LIbfafv oonstrrietten. Construction of tfie pBabe puro random peptide fibrary was 
described earlier in the patent The randomized peptide has the sequence: 
MQXXXXIOCXXXXGGPF. The diversity of the libracy is 2 x 1 0« at the DNA insert level. 
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B. Library transfecKon. Transfections were carried out as desciibed for Fas-eeledion, 
but in 15 cm plates of 10' Phoenix cells. The DMA solution added to each plate 
consisted of. 50 ug library.DNA, 5ug lacZ vector. 4340 ul ddHjO, 610 ul 2M CaCb and 
5000ul2xHBS. 

C. Library transduction. 24 hours prior to transduction, 2 x 10' NtH 3T3 ceHs were 
plated In each of ten IS cm plates In 25 ml OMEM, 10% Bovine Calf Serum. 5 mi 
library virus supernatant was added to each plate (plus polybrene as befbre). 24 hour 
after transduction, media was changed to 25 ml fresh DMEM» 10% BCS. Cells were 
stained with X-gai at 48 hours post^tfansduction. The transduction efficiency was 
estimated as 40*50%. 

Stauresporirte getetstion. Staurosporine, an allcalokl from Streptomyces sp.,\sa 
potent bmad spectrum inhibitor of protein kinases which binds the ATP site. Addition 
of 1 uM staurosporine in seruno-lree n)edia to NIH 3T3 cells induced >99% apoptosls 
wimin 24 hours, as detemilned by ethidium bromide/acridine orange double staining as 
described for the Fas selecSon. 

2 X lO^libreiy-transduced NIH 3T3 cells were plated In each of 10 15 cm plates. Cells 
wer allowed to attach for 24 hours, at which time staursporine was added to 1 uM in 
serum free DMEM. LacZ^^ransduced NIH 3T3 cells and BCL-2-transduced NIH 3T3 
cells were used as negative and positive controls, rfiespectively. 24 hours after 
stuarosporine treatment the media was changed to 25 ml fresh DMEM, 10% BCS. 
The media was changed every two days for one week, until the sruvhfing cells k)oked 
healthy (typical 3T3 morphology), at which time 1 uM staurosporine in $erum*firee 
media was added again. The media wash changed to DMEM. 10% BCS as before. 
Stp treatment was carried out again for a total of three treatments, at which time the 
number of Itbraiy^transduced cells suriving appeared greater than the number of tacZ- 
transduced cells (but less than the BCL-2-tran8duced ceKs. 

Moteney transfer. After the second staurosporine treatment aliquots of surviving 
cells from each plate were infected with wild type Moloney murine leukemia virus 
supernatant (generated by transfeding Phoenix cells with the retroviral vector pZap). 
The vims was aUowed to spread through the culture for one week (>iWth re-plating of , 
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the cells every 2-3 days). Cells were plated as before and treated with Staurosporine 
before proceeding to RNA Isolation and PCR rescue. 

F. RNA Isolation. Aliquots of cells surviving In each plate were resuspended in 90% 
PCS, ^0% DMSO and stored in liquid nitrogen. RNA was prepared with Trizol reagent 
(GIbco BRL, cat # 15596-026). Briefly, 1 ml TRtzol reagent was added were 1 0cm' 
monolayer of cells and incubated for 5 min at room temperature. Cell lysates were 
transferred to 15 ml conical tubes. (Note: at this point, DEPC-treated solutions and 
glassware were used exclusively). 0.2 ml chlorofonn was added per 1 ml TRIzol 
reagentused. Tubes were shaken for 1 5 sec, incubated for 3 min at room temperature 
and centrifuged at 12000 x g for 15 min at 4 The RNA-contalning upper aqueuous 
phase was removed and 0.5 mi isopropanoi added per 1 mi TRIzol used for the initiai 
honf)ogenization. Samples were mbced and Incubated at room temperature for 10 min 
followed by centrifugation as before, the supernatant was removed and the RNA pellet 
washed with 75% ethanol (1 ml per 1 ml TRIzoi). The sample was vortexed and 
centrifuged at 7500 x g for 5 min at 4 ""C. The RNA pellet was air-dried for 1 0 min and 
resusupended in RNase-free water with 10 min Incubation at 60 X to dissolve the 
pellet RNA concentration was determined by measuring the absorbance at 260 nm. 

G. PGR fascue. PCR rescue was carried out as for Fas Selection, using the priniers 
5'p6LandSV40down. The second primer has the sequence: 5* CTG ACA CAC ATT 
CCA CA6 3* and is complimentary to positions 1424-1441 of the pBabe Puro retroviral 
vector. PCR reactions were extracted with phenot-chloroform, precipitated with 
ethanol and digested with Bam HI and Sal 1 before ligation with the retroviral vector 
pWZL neo. The figure shows a 10% acrylamide gel of representative PCR-generated 

, inserts: 
Lane 1: 10 base pair ladder 

Lane 2: undigested PCR insert from Stuarosporine-selected ceil population 

Lane 3: undigested PCR insert from sanrte cell population, after Moloney rescue and 

Staurosporine selection. 

Lanes 4 and 5: same as lanes 2 and 3, after restriction digeston. 

H. Secondary screen. pV^ neo vectors containing rescued Inserts were transfected 
into Phoenbc cells, and the resulting vims used to transduce NIH 3T3 cells. 
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Staurospoiine selection was repeated three times as before, before RNA preparation 
and PCR rescue. 

t. Sgquencgg gf thg first 8 positives; 

The sequences of the first nine positives are as follows: 

5 SEQOEWCB OF 2 P 1 

66ATCCAGT6T6QTGGTACGTA6QAATACC- 

ATO GGA T6T CCQ TCT QTT GCT AGO CCG CG6 GGT 6GT GGO GGC CCC CCC 
Met Oly Cye Pro Ser Val Ala Arg Fro Arg Qly Oly Gly Oly Pro Pro 
TAGCTAACTAAAQATCCCAGTGTGGTGGTACGTAGG^ 2PI 
10 Stp Stp Stp Bam /6g 

SEQUENCB QP 4 P 1 
GGATCCCA0TG7GQTGGTACQTAGGAATACC- 

ATG GGA T7G TCT TTT GTT ATT (C/TOT CTG CAO P^T CGT G6G GGC CCC 

Met 61y Leu ser Phe Val lie Arg Leu Gin Kis Arg Gly Gly Pro 

15 CCC TAG CTAACTAAAQATCCCAGTGTGGTGGTACGT 4PX 

Pro Stp Stp StpBam /Bg 
Cys 

SEgTO^CS Pf S P 1 
GGATCCCAGTGT6GT6GTA0GTAGGAGTACC- 
20 ATG GOA CCT COG ATT TGG TAT ACT CAT TGG AGT CAT OGG GGC CCC CCC 

Met Gly Pro Pro lie Trp Tyr Thr His Trp Ser His Oly Gly Pro Pro 
TAG CTAACTAAAQKT CC 5P1 
Stp Stp StpBam /Bg 

SEQUENgg OP 6 P 1 
25 GGATCCCA8TGTGGTGGTACGTAGGAGTACC- 

ATG GAA QTC AGG CGT TTG TGA ATA CTC GGC ATA AG GOG GGC CCC CCC 
Met Glu Val Arg Arg Leu Stp Gly Gly Pro Pro 

TAGCTftACTAAAGAT CC 6P1 
Stp Stp StpBam /Bg 
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SEOUENCE OF 7 P 1 ' 

CCG6Ca;mTCAACAA6666CT6AAGGATGCCC»GAAG^ 

CTGGGGCCTCGGTGCACATGCTTTACATGTGTTTiU^XaSAQGTTAAA^ 

7W 

5 SRQPBWgE OP B P 1 

GGATCCCAaTGTSGTGGTACGTAGaAATACC 

AT6 GGA CTT TAG CCQ 'GGC CCC CCCTAOCTAACTAAAGATCCCASTGTGiGTGGT 
Met Oly lieu Stp Pro Pro Stp Stp Stp Bam /Bg 

AC6TAG6AATTC6CCAGCACA0 T 8P1 

10 SEQqgMgB OP ^ P 1 

G6ATCCCA0T6TGGTGQTACGTAGGAATAC 

ATO GGA ACT 6TT ATO GCG ATG TCO GAT TAG GTC GAG GGG GGC CCC CCC 

Met Qly Thr Val Met Ala Met Ser A^p Stp Gly Gly Pro Pro 

TAOCTAACTAAAGATCC 9P1 
15 Stp Stp Stp Bam /Bg 

SgggSNCg OF XP..P : 

G6ATCCAGT6TGGTGGTACGTA6GAATACC 

ATS GGA TGT CCG TCT GTT GCT AGG CC6 C6G GGT GGT GGG GGC CCC CCC 
Met Gly Cys Pro Ser Val Ala Arg Pro Arg Gly Gly Gly Gly Pro Pro 
20 TAGCTAACTAAAGATCC lOPX 

Stp Stp Stp Bam /Bg 

Example 4 
Us6 of NF-kB and NFAT In Signalling 

The NFkB/IKB compjex is the classic pro-inflamnoatory second messenger system, . 

25 known to be involved as a positive regulator of a numt)er of pro-infianvnatofy 

processes and cytokines. These include, but are not limited to, 11*1, IL-6, IL-8, and 
TNF^. As well, antMnflammatory interteuklns, such as IL-4, can lead to direct down« 
modulation of NF-kB In synovial fibroblasts and conoomnrutant downregulation of tl-6 
production. The NF-kB/lkB complex is a widespread, acute-phase, rapid-response 

3 0 transcriptional activatk>n system. It operates in most cell types tested, but leads to 
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different outcomes dependent upon the cell type and the nature of the initiating 
stinuiius. Activatore of NF-kB include LPS, TNF-a, iUI, inducers of T cell activation, 
protein synthesis inhibitors, phorbol esters, and a-fgM. Other inducers include the 
viruses Adenovirus, HTLV i, ^tomegaiovinjs, Sendai, and Herpes simplex I, agents 
5 that cause cellular damage such as ultraviolet tight and peroxides, and phosphatase 
inhibitDrs such as oicadaic acid. These inducers act through PKA and PKC-dependent 
pathways, dout^e-strand RNA-dependent kinase, and other pathways. Phanmacotogic 
regulators of NF-kB, such as salicylate and glucocorticoids, act by either preventing 
IkB-a degradation or lead to upr^ulation of IkB^ transcr^tton and steady-state levels, 
1 0 thereby acting to pre^vent the activation of this critical fector. 

NF-kB (Nuclear Factor that binds to the k locus B site) Is present in the cytoplasm of 
most cells in an inactivafbrm complexed to IkB (Inhibitor of NF*kB). Certain stimuli 
received by cells are processed by cellular signaling mechanisms and integrated in the 
spedfic phosphoiylation of IkB and its degradatx)n. The regulation of IkB-a function Is 
15 through a Signal Response Element (SRE) In the amino temninus of the molecule. 
Phosphorylation of serine residues 32 and 36 leads to recognition of the IkB-a 
molecule by the ublquitinatioii machinery, release of NF-kB to the nucleus, and 
degradation of IkB. Therefore, dependent upon the phosphorylation/degradative state 
of IkB, NF-kB Is either maintained In the cytoplasm or released b the nucleus. In the 

2 0 nucleus NF-kB binds to a consensus DNA motif found near the regulatory regions of 

many characterized genes and therein acts as a tFanscriptkmal regulator. Importantly, 
from the point of view of infectious disease, NF«-kB is a primary activator of the Human 
Immunodefictency Virus (HIV). Suitable induced genes include TNF-a and lL-6. 

Blochentoliy, NF-kB Is defined as a heterodimer of two polypeptxles, p50 and p65. of 
25 corresponding nnolecular mass 50 and 65 kD, respectively. p50 Is processed frorh a 
105 kD precursor protein by an as yet uncharacterized mechanism. p65 is the 
receptor for IkB and Is the molecule through whteh IkB exerts its inhibitory/regulatory 
effects on NF-kB. These are the prototypic trasncription factors that define a large 
fiimlfy of classical ReVNF-kB factors. 

3 0 Cloning of the p50 and p65 components of NF-kB led to the discovery of a family of 

related factors, termed Rel. Both p50 and p65 have a 300 amino motif (Rel) at their . 
amino tenmini that was originally described In the preto-oncogene o^l and the 
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Orosophila axis-determining gene. Dorsal. The family of polypeptides revealed by p50 
and p65 have overlapping DNA-bindIng spedficities, differential tissue distribution, and 
complex reguiatofy phenomena, p105(p50) is representative of the ankyrin-motif- 
containing Ret proteins that are prxessed in the cytoplasm to smaller proteins lacking 
5 the parboxyl terminus. ThecarboxyltemriinusofplOSshOM^stnjcturalandfund^al 
homotogies to IkB (which also has ankyrm motife) and functions v^ith an IkB-like activity 
both In ds and in trans, is representathfe of a second group of Rel proteins that 
have divergent cari^oxy) \em]n\ - these regk)ns have been suggested to encode 
transcriptional activatton domains. The 300 amino acuis of Rel domains manifest four 
10 in^rtant functions: 1) DNA-binding In the roughly amino-terminat 1/3 of the domain, 2) 
dimerization in the carboxyl portion of the domain. 3) interaction ankyrin- 
contalning tkB-like proteins, and 4) nudear-locarBing signal at the carboxyl terminus of 
the Rel domain, in p50 the Rel domain also includes a transcriptk)nal activation 
domain. 

15 NFAT, the Nuclear Factor of Activated T Cells (NFAT), Is the immediate early acute 
phase response factor fbrT celt activation. Inhibition of NFAT by cyclosporin A (CsA) 
leads to blockade of iL-2 production and loss of T cell commitment to activatk>n. 
NFAT, a critical component of pro-ihUanimatory events carried out by T ceUs. Is also 
the factor blocked by CsA In transpiantkm. Upon cloning NFAT it vvas dear contains a 

2 0 region of the molecule implicated In DNA binding that has significant homotogy to the 
Rel family of proteins. Based on structunal consMerattons. homotagy comparisons, 
and similar modes of actbn, as well as genomic structures of the molecules idiccate 
similar intron/exon bourKlaries In NF-kB and NFAT families, thus indicating that NFAT 
actually belongs to the Rel family of Victors by lineal descent and that its interaction 

25 vkrith pro-lntianrunatory trasncriptional regulators of the bZIP family wouki fDik>w a 
general set of rules comnwn to the NF-kB/bZIP Interactbns. 

We have shown that NFAT is Involved In pro-Inflammatory response to mitogens In 
activatkm of HlV-1 (S. KinoshHa and G.P.N, submitted) and that the binding of NFAT to 
sites overlapping the NF*kB sites of HIV-1 is reponslble for this process. This work 
30 foltows on work by others showing that NFAT can regulate TNF-a activation In 
interaction with ATF-2/Jun and GM-CSF. Interestingly, NFAT also appears to be 
involved in regulation of mast cell release of WA, an Iniportant regulator of pro* 
inflammatory cytokines, such as TNF-a and IL-6. The activity of NFAT In these 
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systems has alt shown to be pharmacologically modulated by CsA. Thus, although 
NFAT was originally discovered as a T ceil specific fetctor, it was later found to be 
responsible for a host of immediate early, acute phase response activities, as well as 
direct regulation of IL*4. 

5 Therefore, the extended 1^ families of NF-kB and NFAT niake attract 

Inhibition and modulation of pro-inflammatory action. Their involvement in numerous 
regulatory pathways and. their decisive roles in such processes, including the specific 
interactions they elaborate with bZIP pn^ins, malte them attractive specific targets for 
inhibition. 

10 Reporter Genes for (jetection of TNF-a and IL-1 promoter activitv. 

We designed a retrovirus-based ludferetse reporter-gene system driven tyy a minimal 
promoter and two igk NF-kB sites. In the constructs presented here, the deletions 1 
introduced were more extensive than those previously published, since preliminary 
experiments showed that resktual enhancer activity resfefed In commonly available 

15 deletion constnjcts (Nolan, Saksela and Baltimore, unpublished). The vectors 
designed were pSinlMuc (oontalnkHI a ludferase gene in the retroviral sense 
orientatton to test for residual promoter activity in the construct backbone), pSInll- 
fosluc (identical to pSinll luc except contains a minimal fos promoter element to test for 
residual enhancer activity in cohstroct backbone), and pSinl^2kBfiosluc (derived f^m 

2 0 pSinll-fbsIuc with 2 Igk kB sites doned 5' proximal to the fos minimal promoter as a 

reporter for NF-kB acUvl^). These three vectors used to infect 1 x 10^ 70Z/3 cells. 
70Z/3 Is a murine pre B cell line originally used in the initial characterization of NF*kB. 
After 48 hours, the infected cells were split into two fractions (stimulated with LPS and 
unstimulated). Six hours latisr, cell extracts were prepared and assayed for ludferase 
25 activity (extract representing «10* cells was used for each point). The results showed 
that SinlMuc showed no indtetkm. Stnll-fosluc showed roughly a one-fbM incraase, and 
SinIl-2kBfbsiuc shewed a four fold induction in lucerifase activity. Accordingly, 
retrovirally based reporter constructs can be used to sensitively report NF-kB activity in 
native chromatin. It now becomes possible to combine reporter gerra technology with 

3 0 retroviral deliver of effector peptkies. Unstimulated cells and stimulated controls 

(uninfected and SinlMuc) showed little or no activity. Importantly, then, retros^ 
delivery M not result in significant background induction of NF-kB activity, a problem 
with other transfMton procedures. The Sinll-luc and p^lMosluc controls shows no 
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reaamrougn -» ^.taH-d ThesB tatter msutts are consistent with previous 
might obscure readings was detected. These wnerresuiB ^ ^ . ^ 

Jrtcu.in9g.nesea«:hre.rovir«sesemployln9lacZand1^ »ntb.se 
5 studies less than 0.1% of random integ«lion events showed endogenous as- 
regtdaton of the integrated constructs. 

These constnictdeslgns win t«usedastheba.i.torn«>idc,eationand^ 
nLandlL-1 p»n«terstudieslnTcells.n«cropha9es.andsynovialcens. V^^^ 
rc^reLthp.ceofH.cHerasee«her.h.tacZorGFPcDNAsforFACS.based^ 
,0 ^W^winplupto^ree^^urKPobasesofW^orlL-lpr^^^^ 

' . p^of«,e^.pron»terempU^»««- ^' ^ " 

n^asure of endogenous TNF. a„d .U prnmoter activity and «« san« to altow 

Za^e,f.rpep.idesf,omour.lt.ranes,h,tactuponNF^c.NFATas^^^^^ 
;::rslgn.^rpa.hv«ys^t««h^ependen,ofNF^«^ 

X5 and lL-1 signaling. 

TheBceDllnestobeusedareTOZ^. T cells to be used a« human Jurkal 

MacrophageanestobeusedareRawaoaandthePSBSDIllnewhl^UW^^ 

.BspoletoPMAInductionofsecmtodlL-lSynovlalcellstobeusedareHG^ 

"^beac.ivatedwim.L.1toWucemeta«opn,toasesandw»hTNF.to^^ 

NF*a IL-1inductionofme.aPop»tea.e.ac.sth,ouflhNF.KBon^e^^^ 

o.hermeta^toasesofm.g«.p. ^'-''^^^;Tt^^Zs- 
anddellveredvtaa,..»v.r«stocetorespondstostimuBthatdegr^^ 

a)70Z«p»-Bcellsv«reinfectedwitharet«wln«expres.in9afu«onofP^ 

jt^LwO^^ IKB^ oran InacUve. dominant negat^e IKB^; ^ 
Z^^- Cel.^ma^n^^^U'Storva^^^n^andthen^d^ 
rrFDG.brmea.ur.ofb^alexpressionbyFACS.b)Cetefrom(a)we«induced16r 

max^ LPS indudton of ll*a degradation and t«a.ed w«h efther saHcylatoJ 
eont«L sallcylatoblocted degradation oftheP^aMKBfusiontothesameexte^^ 

the dominant negative IkB-a. 



20 



30 



Atthefirstapproach, NF^adivationwffl be measured using our newly developed 
,,a^n«bile reporter systemdescribed above. In tWsapproach.theN.tem*.usof 
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IkB^hasbeent^nslationallyfusedtothetecZgene. 
galactoslda8ee)cprBS8ioncanbemeasuredu»ln9theFluore8C,ncea 

^n^onaMepenaentup^lKB.. S^-g™..nce»s^alac«vateNF^a^ 
thedeg«da«onM.KB.Wa.wa.,irni.3rty degraded: a,above.c,U 

aretrovia,scon,ainingaNaWKB.,fasionandinduc«ithem^^^^^^ 
actha-tondNF^-WecanusethecellsortertodteSngulsh^^^ 

,kB^ on a REAL.T.ME basis, and «ot through activation of proxy reporter genes. 
These lineswemsho^n to respond accortinglyatertreatment^the^ 

,,,flan««ato.y,gents^lcyla.e(asp^^ 

^.^1. WehaveusedtNsand««edpro.oco.sU,Bce»stose^.^^^^^ 
^^ofllcB^andh^retherelvdelir^dnewregionsofthelkB^rnoleculelhat 

respond to diflerential signaling (J. Caldwell and G. Nolan. unput*shed). 
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IxlO'ceUscarryingtherBporterwilbelnlectedath^heflic^ 

Le.descnLherein.CeUs will t^stinu-tetedwim^^^ 
rrL.s.ecthyFACS^*«.ece«s.atD0N0Tdegr3deJ^.. A^ergro«^ 
«rtofthecells.thepopulationw«lt».estin«totedasbetbreandsort^^ Ce«s 
sorted untBthe population lslOO%heritablefor the lackofdegr-ta^ 

phe«rtype. lnsertswill«»re««ed.recionedlntoaretrovirus« 
S^raga.un.Hatrans^,henotypecanbeconfim«d P^^t«se,u«K«. 



as noted. 




canbeemplayedwIthourretn^lralBt^^ies. The system . based upon «n«n^^ 
^«„.:.leagues.^«-yw.^.«..o«eateac..Bne^ea^^^^ 
depe^e^up«.ac«««onofNFAT. Cellss^mu^tedbyact^^^^^^^ 
teadtoactivaUonofNFATa,K««stnmslocationintothenucleus. ^^^"^ 
MuctionofthediptherlatoxinAgenesuchthatthacellsunde.gorap^ 

This.sHownu.ng,^^tod«easan^reofc.,vlaW^.2^^^^ 
population. thosecelbthata^blocKedforNFATactlvation by peptu^^ 
Ttheslgnalngsystemwillsurvive. Seralini and colleagues used the^proach to 
re^torltantslnTce^ss^naUng. We ^11 use «^ proven NFAT^pAsystenyn 

our peptide selections. 



, , -,/ 

WO 97/27213 PCTA;S97/01048 

-79- 



Again. cells witi be infected as above with appropriate pept^e Bbraries and screened 
for blockade of NFAT signaling. This basic approach, if successful, might be similariy 
applied to W-o or IL-1 signaling. 

There is expectation that signaling systems exist whose purpose is to provide either 
5 prb-ininammato!y and anti-inflanvnatory ^gnaling. As noted above, [L-4 for instance 
can blockade IL-6 signaling in cells. Induction of glucocorttooid expression leads to 
upregulatk)n of IkB and thereby bk}cks NF-kB activation. Activation of anti-oxkiant 
pathways is well known to be similarly anti-inflammatory. Salicylate blocks NF-kB 
through regulation of cellular oxygenase levels. Although the peptide searches 
10 outlined above might find players in such pathways intracellutarly, we desire to search 
for surface molecules that might initiate such protective cascades. 

The peptide libraries in constructs for secreted peptides and tethered peptides will be 
used in T cell, macrophage, and B cell systems to select for blockade OR activation of 
NF-kB induction. Stimuli will include TNF-a and IL-1 for blockade. Activatton wyi utilize 
15 theFACS-basedsystenosin'nsverse'. That Is, we wiU look for peptides whose 

expression leads to constitutive activatibn of and NF-kB reporter construct In this 
case the reporter construct can be a TNF-a reporter driving lacZ or GFP. The 
construct can similarly be IL-I driving lacZ or GFP. For endogenous k)ci, we can 
select for ceils that induce VCAM or ICAM-1 expression after IL-1 signaling by FACS. 

2 0 both known to be pro-inflammatory responders. Again, both positive AND negative 

selection can be employed. For cells expressing tethered peptkles, the selecGon Is 
straightfonvard as the intracetluiar peptkfes above. Post«definttion of the peptkf e 
sequence, it wOl be necessary to synthesize the peptide without the tether synthetically 
and detennine if the peptide can woridn the absence of the tether. 

25 For secreted peptides the setup is more difficult, as the responder cell must display the 
phenotype and we mu^ trace the peptkle back to the SECRETING cell For this 
approach we can use any reporter gene or endogenous gene in the target cells as the 
readout The cells to be infected and which will secrete the peptides wili be N1H3T3. 1 
X 10' 3T3 cells will be infected with a fully representative IDsrary as outlined above. 

3 0 Cells post-infectkm wili be allowed to toon colonies of up to 1 0-20 cells. At this point 

nriedb will be removed and the cells wQI be overiayed with a thin layer of 0.25% agar in 
media Once soUdified, a thin, porous membrane will be placed over the cells, and we 
will then overiay on this plate the responder cells at high density, also \n 0,3% agar. 
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PlatBS and nwmbianes will be martced with indigo blac^ In this way secreted product 
,can diffuse to the responder cells. For selection of PRO-inflammatory secreted 
peptides, after 48 hours responder cells will be lifted from the plate on the membrane 
and the merhbrane/cells/agar win be flipped onto a correspondingly sized nitro- 
5 cellulose membrane. Cells will be iysed in situ by Sarcosyl or other appropriate 

detergent and then applied on the membrane to a high-salt solution and suction below 
the nitrocellulose. In this way cellular proteins will leach out of the agar matrix and bind 
to the nitrocellulose. The nitrocellulose can then be treated itice a "Western* for 
Induction or blockade of any of a number of different cellular proteins. In initial tests we 

10 will use reporter genes driving enzymes such as b-gal or alkaline phosphatase to 

ensure assay sensitivity. As we perfect the assay it should be possible to set up direct 
measures of certain endogenous loci (such as TNF<t, NF-kB p65, etc.)* Once cell 
areas on the membrane are noted, they can be traced back to the secretion cells by 
the indigo marking of the plates and alignment Nii^-3T3 cell "patches' corresponding 

15 to the appropriate area can be picked, expanded, and retested. As a positive control, 
viruses expressing TNF*a or lL-1 will be used in initial scaled mock*ups to calibrate the 
sensitivi^ of the search for pro-inflammatory peptides. 

Simllarfy. one can search for blockade of pro*lnflammatoiy signaling. In this case, at 
24 to 36 hours post plating of the reponder cells, we wfU add a pro-inflammatory 

2 0 cytokine such as IL-1 or TNF-a to the agar layers in a Ik^uid overlaying the 
agar/responders. The plate is now, from bottom to top: Secretor 
Cells/Membrane/Responder Cells/Uquid Overlay. The pro-inflammatory inducer will 
diffuse Into the reposnder cells layer natpklly- Those cells that have been "protected" 
from pro-Inflammatory events by a k)calized presence of an anti-inflammatory secr^ed 

25 peptide will not respond to the stimuli As above, these can be detected against a 
background of responders by a nitrocelkm assay for enzymatic activi^. The latter, 
that is looking for 'holes' against a background of positivity on the nitrocellose can be 
used to screen lor inhibitors of pro-inflammatoiy events. As a positive control, viruses 
expressing IL-4 will be used in initial mock-ups to calibrate the sensitivity of the search 

30 for anti-inflammatory peptMes« 
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9. A method aoeording to dakn 8 wherein said fusion partner comprises a 
presentation sequence capable of presenting said expression product in a 
conlbrmaUonally restricted hm, 

10. A method according to claim 8 wherein said fusion partner comprises a targeting . 
5 sequence. 

1 1. A method according to claim 10 wherein said targeting sequence is selected from 
the group consisting of: 

a) a localizing signal sequence capable of constitutive^ tocaTizing said translation 
product to a predetenmined subcellular locale; 
10 b) a membrane-anchoring signal sequence capable of localizing said translation 
product to a celtutar membrane; and 

c) a secretory signal sequence capable of effecting the secretion of said translation 
product 

12. A method according to daim 8 wherein said fusion partner comprises a targeting 
15 sequence and a presentation structure. 

13. A method according to c^m 1 wherein said introducing is with retroviral vectors. 

14. A method according to daim 1 wherein said cells are mammalian cells. 

1 5. A method according to claim 1 wherein said library comprises at least 10* different 
nucleic adds. 

20 16. A method according to claim 1 wherein said library comprises at least lO' different 
nucleic adds. 

17. A method according to daim 1 wherein said library comprises at least 10^ different 
nudeicadds. 

18. A rnethod according to daim 1 wherein said library comprises at least 10^ differ 
25 nudeicadds. 
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19. A method according to claim 1 wherein said library comprises at least 10" different 
nudeicaclde. 

20. A method for saeening for a transdominant btoactive agent capable of altering the 
phenotype of a cell, said method comprising the steps: 

5 a) introdi^g a nnolecular library of randomized candidate nucleic acids into a first 
plurality of cells, wherein each of said nucleic acids comprises a different nucleotide 
sequence; 

b) contac&tg said first plurality of cells virith a second plurality of cells; and 

c) screening said second plurality of cells for a cell exhibiting an altered phenotype. 

r 

10 21 A molecular library of retroviruses comprising at least 10^ different randorn^ 
nucleic acids, 

22. A molecular library of retroviruses according to claim 21 comprising at least 10^ 
different randon^ed nucleic adds. 

15 23. A molecular library of retroviruses according to claim 21 comprising at least 10* 
different randomized nucleic acids. 

24. A molecular library of retroviruses accordmg to claim 21 comprising at (east 10' 
different randomized nucleic adds, 

25. A molecular library of retroviruses according to claim 21 comprising at least 10* 
2 0 different randomized nudelc adds. 

26. A cellular library of mammalian ceils containing a nrtolecular library of retroviral 
construds, said molecular library comprising at least 10* different randomized nudeic 
adds. 

27. A cellutar library according to dairn 26 wherein said constructs are Integrated Into 
25 the cellular genome. 
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